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PREFACE 



TO 



THE FOUETH EDITION 



In this Fourth Edition of a Course of Practical Chemistry, 
arranged for the use of medical students, several minor 
improvements, suggested by further experience in teaching, 
have been effected. 

The analytical portion of the work, in so far as regards 
the description of the methods employed, has been re- 
arranged. 

The new system of atomic weights and formulae has 
been employed throughout ; but it has not been thought 
necessary to introduce any general changes in the nomen- 
clature. 

W. 0. 

St. Babtholomrw's Hospital: 
May^ 1869. 
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•o> 



In pkepaking a Second Edition of this Course of Practical 
Chemistry for the press, the first having been for upwards 
of three years out of print, many additions and alterations 
have been made, which it is believed will much increase 
its usefulness as a laboratory guide. 

The first chapter, treating of chemical reactions and 
manipulation, is quite new; the second, relating to general 
analysis, has been rewritten ; and the third and fourth 
chapters, treating respectively of toxicological and animal 
chemistry, have been carefully revised. In the second 
chapter more particularly, full explanations have been 
given of the tables for the examination of the several 
groups of bases and acids ; so that the paragraphs relating 
to the individual members of the groups need scarcely be 
considered by the learner save for purposes of reference. 

To maintain its adaptability to the wants of the medical 
student, the old scale of atomic weights has been ex- 
clusively employed throughout the body of the work* 



VIU PREFACE. 

In a short Appendix, however, some tables have been set 
up, in which the new atomic weights are used, with a view 
to illustrate the superior simplicity and mutual association 
of the modern unitary over the older dualistic formulae. 
This Edition of the work is, moreover, illustrated by 
Mr. Branston with seventy woodcuts of microscopical 
preparations and chemical apparatus, all of them made 
expressly from drawings of the actual objects. 

W. 0. 

St. Babtholomew's Hospital : 
June, 1865. 
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PRACTICAL CHEMISTRY. 
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CHAPTER L 
INTRODUCTORY. 



§ I.— CHEMICAL REACTIONS. 

(i.) Chemists are acquainted with about sixty different kinds 
of matter which have hitherto proved undecomposible, and are 
consequently termed simple bodies, or elements. These elements 
unite with one another in certain definite proportions to form an 
infinite variety of compoimds ; each particular chemical compoimd 
being always constituted of the same elements, combined together 
in the same proportion. Common salt, for instance, no matter 
how obtained, or when examined, is always found to consist of 
sodium and chlorine, united in the ratio of 23 parts by weight of 
the former element to 35*5 parts by weight of the latter. 

The relative quantity of hydrogen which can enter into 
chemical combination being less than that of any other element, 
its combining proportion is taken as the standard of comparison 
or unity. It is found that i part by weight of hydrogen unites 
with 35*5 parts by weight of chlorine to form hydrochloric acid ; 
and further that in very many chemical compounds i part of 
hydrogen may be displaced by 35*5 parts of chlorine to produce 
chlorine-derivatives of the respective compounds. Again, when 
hydrochloric acid is treated with metallic sodium, every 23 parts 
of sodium is found to expel i part of hydrogen and form common 
salt, by uniting with the 35*5 parts of chlorine previously com- 
bined with the I part of hydrogen. 

The proportion of an element which unites with i part by 
weight of hydrogen, or which displaces i part by weight of 
hydrogen, to unite with 35*5 parts of chlorine, is called its equi- 
valent. Thus 80 is the equivalent of bromine, 23 the equivalent 

B 
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2 CHEMICAL BBACTIONS. 

of sodium, and 39 the equivalent of potassium, because 80 parts 
of bromine, 23 parts of sodium, and 39 parts of potassium are 
respectively exchangeable for, or equivalent in combination to, 
I part of hydrogen. 

(2.) But it is found in many cases that some multiple of the 
proportion of an element Which unites with or displaces i part 
by weight of hydrogen, constitutes the smallest proportion of that 
element which actually enters into chemical combination. Thus 
although 25 parts of arsenic unite with i part of hydrogen to 
form arsenetted hydrogen, and with 35*5 parts of chlorine to form 
chloride of arsenic, yet it is allowed on all hands that the mole- 
cule* of arsenetted hydrogen contains three separable equivalents 
of hydrogen united with 75 parts of arsenic ; and that the mole- 
cule of chloride of arsenic contains three separable equivalents 
of chlorine tmited with 75 parts of arsenic ; and, in fkct, that 75 
parts of arsenic constitute the least indivisible proportion of 
arsenic which ever enters into a combination. The least indivi- 
sible proportion of an element which is foimd to enter into 
chemical combination is termed its atom, and the number ex- 
pressing that proportion is called its atomic weight. Hence the 
atomic weight of an element sometimes coincides with its equiva- 
lent weight, as in the case of sodium, and is sometimes a multiple 
of its equivalent weight, as in the case of arsenic. 

* The determination of the molecule of a compound body is based upon 
very many considerations, physical as well as chemical, which cannot be 
fully entered into here. The most important of these considerations relat/6 
to specific heat, atomic volume, direct combination, analogy, mode of deriva- 
tion, and, above all, to metamorphoses by substitution. Thus the mole- 
cules of marsh gas, ammonia, water, and hydrochloric acid, might each be 
represented with one equivalent of hydrogen. But the molecule of marsh 
gas is represented with four equivalents of hydrogen, because in it | or | or 
j or I of the hydrogen can be displaced by substitution at four successive 
stages. The molecule of ammonia is represented with three equivalents of 
hydrogen, because in it | or | or | of the hydrogen may be displaced at 
three successive stages. The molecule of water is represented with two 
equivalents of hydrogen, because in it | or f of the hydrogen can be dis- 
placed at two successive stages ; while the molecule of hydrochloric acid is 
represented with one equivalent of hydrogen, because in it the hydrogen 
must be displaced at once or not at all. 



ATOMIC WEIQHTS. 3 

The determination of equivalents is a purely experimental 
question, Mrhich, in the majority of instances, has been answered 
with almost absolute exactitude; but the determination of atomic 
weights is a question of judgment, to which in many cases very 
different answers were until lately accorded. Chemists are now 
agreed, however, as to the atomic weights of all the most im- 
portant elements, and their agreement extends equally to atomic 
weights which are multiples of, as to those which are identical 
with, the equivalents of the respective elements. It is only with 
regard to a few of the less known elements that any great 
difference of opinion now exists as to the correlations of their 
respective equivalents and atomic weights. 

(3.) The following tables exhibit lists of the most important 
elements, with their accepted atomic weights, their symbols or 
abbreviated names, and the names and symbols of their principal 
compounds with hydrogen or chlorine. All the hydrides are 
Yolatiley and when in the gaseous state occupy the same volume. 



Element 


Hydride 


Atomic 
weight 


Symbol 


Name 


Symbol 


Name 


I 

«9 

35*5 
80 

127 
16 

14 

31 
II 

12 
28 


H 

F 
CI 
Br 
I 



S 

N 
P 
B 

C 
Si 


Hydrogen 

Fluorine 
Chlorine 
Bromine 
Iodine 

Oxygen 
Sulphur 

Nitrogen 

Phosphorus 

Boron 

Carbon 
Silicon 


HF 
HCl 
HBr 
HI 

H,0 
H,S 

H3N 
H3P 
H3B 

H4C 
H^Si 


Hydrofluoric acid 
Hydrochloric acid 
Hydrobromic acid 
Hydriodic acid 

Water 

Sulphuretted hydrogen 

Ammonia 

Phosphoretted hydrogen 
Hydride of boron ? 

Marsh-gas 
Silicated hydrogen 
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CHEMICAL BEACTIONS. 



Feriflsad Metal, &c. 


Artiad Metal, &c 


Atomic 
weight 


Name 


Chloride 


Atomic 
weight 


Name 


Chloride 


i8 
I 

7 
23 

39 
J08 

200 

635 

a7-5 
5»'5 
56 

75 
122 

210 
196 


Ammonium 

Hydrogen 

Lithium 

Sodium 

Potassium 

Silver 

Mercury 

Copper 

Aluminum 

Chromium 

Iron 

Arsenic 

Antimony 

Bismuth 

Gold 


HCl 

Li CI 

NaCl 

K.C1 
AgCJ 
Hg CI* 
CuCl* 

Al Cl3* 

Cr Clj* 

Fe CI3* 

ASCI3 

SbClj 

BiClj 

AuClj 
AuCl 


40 

87-5 

137 

*4 

65 
112 

200 

63-5 

59 
59 
56 

55 
J18 

207 

197 


Calcium 

Strontiimi 

Barium 

Magnesium 

Zinc 

Cadmium 

Mercury 

Copper 

Nickel 

Cobalt 

Iron 

Manganese 

Tin 

Lead 

Platinum 


CaCl, 
SrCl, 
BaCl, 
MgCl, 
Zn CI, 
CdCl, 
HgCl. 
CuCl, 
NiCl, 
Co CI, 
FeCl, 
Mn a, 
Sn Cl,&SnCl^ 
PbCl, 
Pt Cla&PtCl4 



It is observable that the metals mercury, copper, iron, tin, 
gold, and platinum, form two distinct chlorides, and, as will be 
afterwards seen, two distinct sets of oxides and salts, correspond- 
ing respectively thereto. Several of the other metals also form 
two chlorides and two sets of salts, but only the chlorides shown 
in the table, and their corresponding salts, are familiarly known. 
Cuprous, aureus, and platinous salts, moreover, are for the most 
part very imstable, and rarely met with save when specially pre- 
pared. 

(4.) Each symbol, as exemplified in the above tables, represents 
one combining proportion, or atom, of the element. Thus N 
stands not for nitrogen in general, but for 14 parts by weight of 

* It in doubtful whether the molecules and consequent formulse of some 
or all of the chlorides corresponding to the formulse marked with asterisks 
should not be doubled. The words * perissad ' and * artiad ' are applied to 
both metals and non-metals, accordingly as they combine with an odd or 
even number of atoms of chlorine or hydrogen. 
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nitrogen as compared with i part by weight of hydrogen. Che- 
mical combination is represented by the apposition of symbols; 
thus KCl signifies a compound of 39 parts of potassium and 35*5 
parts of chlorine united to form 74*5 parts of chloride of potas- 
sium. A small figure placed to the right of a symbol indicates 
a multiple quantity of that particular element. Thus HgCl,, or 
corrosive sublimate, signifies a compound of one atom of mercury 
with two atoms of chlorine, A larger figure placed to the left of 
an allocation of symbols multiplies the entire compound. * Thus 
3HNO3 represents three proportions of nitric acid, a compound 
body consisting of one atom of hydrogen, one atom of nitrogen, 
and three atoms of oxygen. The single formula of a compound 
body represents the atom, or smallest indivisible proportion, of 
that particular compound, and its atomic weight is the sum of 
the atomic weights of its constituents. Thus the atomic weight 
of nitric acid HN03=i + 14+16x3=63. 

In writing the formulae of compound bodies, it is sometimes 
found advisable to break them up in different ways — ^by means 
of periods, brackets, parentheses, &c. Thus for sulphuric acid 
we sometimes write HjO.SOj instead of HjSO^ ; for nitrate of am- 
monium, IiP4N03 instead of NaH^Oj; and for phosphate of calcium 
CajCPO^), instead of Ca3P,08. Sometimes these breaks are purely 
arbitrary or conventional, and should then be dispensed with as 
much as possible. At other times they indicate a real molecular 
isolation of one portion of a compound from the remainder, when 
their use is perfectly legitimate. 

The symbol for the atom of an element is sometimes marked 
with one or more dashes, to indicate its equivalency or inter- 
changeable value for hydrogen. For instance, Ag is sometimes 
marked with a single dash to show that the atom of silver may be 
substituted for an atom of hydrogen, so as to combine with an 
atom of chlorine, thus Ag'CL Again, Pb is marked with two 
dashes, and Bi with three dashes to indicate that the atoms of lead 
and bismuth may be respectively substituted for two and three 
atoms of hydrogen, so as to combine with two and three atoms of 
chlorine, thus Pb"Cl^ and Bi'^'Clj. 



6 CHEMICAL REACTIONS. 

The signs +, — , and = are used almost in their ordinary- 
algebraical sense. The sign + signifies addition to, or rather 
mixture with ; the sign — subtraction from ; and the sign = 
equivalency with, or rather conversion into. Thus the equation 
aHCl + CuO=CuCla + H,0, implies that an atom of hydrochloric 
acid, mixed with an atom of oxide of copper, yields an atom 
of chloride of copper together with an atom of water. Or the 
equation may of course be written 2HCl + CuO-H,0=CuCljj. In 
modem chemistry the sign -+■ is no longer used to express com- 
bination. 

(5.) Those hydrogenised compounds which can readily ex- 
change some or all of their hydrogen for its equivalent of metal 
constitute the acids. From habit one particular reaction is 
adopted as the conventional criterion of acidity, namely that 
effected by the hydrates of potassium and sodium. An acid is 
simply a hydrogenised body which, when treated with hydrate of 
potassium, can exchange hydrogen for potassium with simultaneous 
formation of water, thus : 

The solutions of such bodies are generally foimd to have the 
power of reddening blue litmus paper, and of effervescing with 
alkaline carbonates, so that the possession of these properties 
may be looked upon as more or less characteristic of an acid. 
Oxygenised acids, such as the nitric HNO3, and acetic H4CaO„ are 
also called ternary, while non-oxygenised acids, such as the 
hydrochloric HCl, and sulphydric, HaS, are called binary. These 
binary acids were foimerly known as hydracids. In most ternary 
acids the number of oxygen atoms is two, or three, or four, as 
shown below : 



\ 



HCIO, Chlorous. 
H N 0, Nitrous. 
H B O4 Boracic. 
H4C,0a Acetic 
H3P 0, Hypophos. 

It is not uncommon to have one or more of the hydrogen atoms 



HCIO3 Chloric. 
HNO3 Nitric. 
H,S03 Sulphurous. 
HgC O3 Carbonic. 
H3P O3 Phosphorous. 



HCIO4 Perchloric. 

HI O4 Periodic. 

HjS O4 Sulphuric. 

HaCjO^ Oxalic. 

H3P O4 Phosphoric. 



ACIDS AND SALTS. 



of a ternaiy ac^d which are not replaceable by metal exchanged 
for chlorine, and some or all of its oxygen atoms exchanged for 
sulphur. Thus we have acetic acid H^C^O,, chloracetic acid 
HCljCaO,, and sulphacetic acid H^CjS, ; with their corresponding 
salts, NaHjCaO, acetate, NaCljCaO, chloracetate, and NaHjCaS, sulph- 
acetate of sodium, for instance. 

(6.) Acids in which only one atom of hydrogen can be replaced 
by metal are called monobasic. The principal monobasic acids 
with which the student will have to deal are the following : 



FCl 


Hydrochloric 


•NaCI 


Chloride of sodium. 


HaOj 


Chloric. 


Na CI O3 


Chlorate of sodiiim. 


HBr 


Hydrobromic. 


NaBr 


Bromide of sodium. 


HI 


Hydro-iodic. 


Nal 


Iodide of sodiam. 


FN O3 


Nitric. 


NaNOj 


Nitrate of sodiiim. 


HB 0, 


Boracic* 


NaBOa 


Borate of sodium. 


H,Ca Oa 


Acetic. 


NaHaCaOa 


Acetate of sodiimi. 



Acids in which two atoms of hydrogen can be replaced by 
metal are called dibasic. The most important of them are com- 
prised in the following table : 



H,0 


Hydric acid . 




KHO 
K,0 


Potash. 

Oxide of potassium. 


HaS 


Sulphydric acid 




NaHS 

Na,S 


Sulphydrate of sodium. 
Sulphide of sodium. 


HaSOa 


Sulphurous acid 




NaHSOj 
NaaSOj 

• 


Acid sulphite of sodium. 
Sulphite of sodium. 


K^RO^ 


Sulphuric acid 




KHSO4 

KaSO^ 


Acid sulphate of K. 
Sulphate of potassium. 


HaSi03 


Silicic acid 


. . 


K,Si03 


Silicate of potassium. 


HaCOj 


Carbonic acid 




KHC03 

KaC03 


Acid carbonate of K. 
Carbonate of potassium. 


HaCaO^ 


Oxalic acid 




KHOaO^ 

KaCaO, 


Acid oxalate of K. 
Oxalate of potAssium. 


HfiC^Ofi 


Tartaric acid . 


( KH5C4O6 
• jKNaH^C^Ofi 


Cream of tartar. 
Rochelle salt. 



* Another variety of boracic acid has the formula H3BO3, and is 
tribasic 



\ 
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Until lately many of these acids were considered as monobasic 
and represented by the halves of the formulae here given ; but 
the evidence of their dibasicity is at present indisputable. This 
class of bodies includes sulphydric acid, or sulphuretted hydrogen, 
the sulphur analogue of water, which itself often plays the part 
of an acid, and is included in the foregoing list. 

Acids in which three atoms of hydrogen may be replaced by 
metal are called tribasic, the most important of which are — 

IKHaPO^ Phosphate of potassium. 
Na,HP04 Phosphate of sodium. 
Ag3p04 Phosphate of silver. 

* H3ASO4 Arsenic acid . . Ag3A804 Arseniate of silver. 

HsCgOy Citric acid . . AgjHjCgOy Citrate of silver. 

Monometallic and dimetallic arseniates and citrates are also 
familiarly known. 

The monometallic salts of dibasic and tribasic acids closely re- 
semble the acids themselves in their action on blue litmus paper 
and on alkaline hydrates and carbonates. They constitute, indeed, 
a mere variety of the class of acids. 

In polyhydrogenised acids, it does not follow that the units of 
basicity are equal to the imits of hydrogen, — acetic acid H4CaOa, 
tartaric acid H6C4O6, and citric acid HgCsOy, for example, being 
but monobasic, dibasic, and tribasic respectively, or capable 
of exchanging respectively but one,* two, and three atoms of 
hydrogen for metaL 

(7.) In the illustrative salts above adduced, each atom of 
hydrogen in the acid has been displaced by one atom of liniqui- 
valent metal. Thus we had nitrate of potassium KNO3, derived 
from nitric acid HNO3 ; oxalate of sodium Na,C,04, derived from 
oxalic acid BfifiA* phosphate of silver Ag3P04, derived from 
phosphoric acid H3PO4, &c. &c. But the salts of multiquivalent 
metals have usually, though not invariably, a somewhat greater 
complexity of constitution. Their chlorides, derived from two 
or three atoms of hydrochloric acid, are given on page 4, and 
their other salts derived from monobasic acids are foimd to cor- 
respond closely with their chlorides. Thus dichloride and dini- 
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trate of tin, Sn"Cla and Sn'^NOj),, are derived from two molecules 
of hydrochloric and nitric acid, HjCl, and H,(N03)„ respectively ; 
trichloride and trinitrate of bismuth, Bi"'Cl3 and Bi'"(N03)3, derived 
from three molecules of hydrochloric and nitric acid, H3CI3 and 
H3(N03)3 respectively. But the formulae of the salts of dibasic 
acids with diquivalent metals and of tribasic acids with triqui- 
valent metals are very simple. Thus lead sulphate Pb"S04, is 
derived from sulphuric acid HaS04, and bismuth phosphate Bi"T04, 
from phosphoric acid H3PO4, &c. On the other hand the salts of 
dibasic acids with triquivalent metals, and of tribasic acids with 
diquivalent metals, are highly complex. Sulphate of bismuth, 
for example, must be represented by the formula Bi'",(S04)3, de- 
rived from three atoms of sulphuric acid H6(S04)3, and so in other 
instances. 

(8.) It will be perceived from the above tables and examples, 
that a salt is usually derived from its corresponding acid by a 
substitution of metal for hydrogen. Many salts, however, known 
as salts of the alkaloids, are formed in a different way — namely, 
by a direct union of the acid with ammonia or some other alka* 
loidal base ; as exemplified by hydrochloride of ammonia NH3HCI, 
nitrate of ammonia NH3HNO3, <&c. But salts of this character 
may also be considered to contain a composite metal, or rather 
metalloid, in place of the hydrogen of the acid. Thus by asso- 
ciating with each atom of ammonia in the salt an atom of hydrogen 
froi^ the acid, each such atom of ammonia NH3, becomes con- 
verted into an atom of ammonium NH4, a pseudo-metallic group- 
ing, which in its combinations presents a most marked analogy 
to potassium, as illustrated below : 



AmmonU sftltfl. 
NH3HCI Hydrochlop. 
NH3HNO3 Nitrate. 
NH3H,S04 Acid sulph. 
(NH3)aHaS04 Sulphate. 



Ammoninm isltf. 

NH4CI Chloride. 

NH4NO3 Nitrate. 
NH4HSO4 Acid sulph. 
(NH4),S04 Sulphate. 



Potaasiam aaltf. 
KCl Chloride. 
KNO3 Nitrate. 
KHSO, Acid sulph. 
KaS04 Sulphate. 



Without assuming any knowledge of the actual molecular 
arrangement of ammoniacal salts, it is found most convenient in 
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practice, especially when comparing them with metallic salts, to 
regard them as salts of ammonium rather than as salts of ammonia. 
But the salts of the correlated alkaloids aniline, morphia, strychnia, 
&c., are usually represented after the manner of ammonia salts, 
thus: 



Hydrochlorides. 
NH3 . HCl Ammonia. 
CfiH^N .HCl Aniline. 
CyHijNOj . HCl Morphia. 
C„H„NaO, .HCl Strychnia. 



Acetates. 

NH3 . H^CjO, Ammonia. 

' CfiHyN , Hfifi^ AnUine. 

Cj^H^NOj . H4C,0, Morphia. 

C„H„N,03 . Hfifit Strychnia. 



(9.) It was formerly the custom to regard ternary acids as 
compounds of one or more equivalents of water with a special 
oxidised grouping, and the corresponding salts as compoimds of 
one or more equivalents of metallic oxide with the same oxidised 
grouping. Thus the formulce of chloric acid, and chlorate of 
potassium were written B.fi,C\fi^ and Kfi.Cifi^, corresponding to 
aHClOj and 2KCIO3 respectively. But this custom, which was 
based on assumptions since shown to be erroneous, is now falling 
gradually into disuse. Thus the acids of chlorine form the follow- 
ing series, the ternary members of which may be obtained by 
direct and successive oxidation of the binary member, hydro- 
chloric acid, the hydrogen of which cannot possibly exist in the 
state of water : 



HCl Hydrochloric. 

HCIO Hypochlorous. 

HCIO, Chlorous. 

HCIO3 Chloric. 

HCIO4 Perchloric. 



KCl Chloride. 

KCIO Hypochlorite. 

KCIO, Chlorite. 

KCIO3 Chlorate. 

KCIO4 Perchlorate. 



I 



It is true that many ternary acids and salts may be directly 
or indirectly formed from, or separated into, a special oxidised 
grouping and water or metallic oxide, but the same acids and 
salts may also be formed from, or separated into, a variety of 
other sub-compounds, and the one mode of composition or de- 
composition has no more right than has each of the others to set 
up for itself a rational formula. Thus if we act upon sulphate of 
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copper by metallic iron, magnesia, peroxide of barium, and sul- 
phide of 8od:um respectively, we have the following reactions : 

CuSO^ or Cu .80^ + Fe = FeSO^ op Fe . SO4 + Cu 

CuSO^ or CuO .SO3 -h MgO - MgS04 op MgO . SO3 + CuO 

CUSO4 or CuO,.SO, + BaO, - BaS04 op BaO, . 80, + CuO, 

CUSO4 OP CuS . O4 + Na,S - Na,S04 op Na^S . O4 + Cu8 

From each of these reactions there might, with equal reason, be 
inferred the pre-existence in sulphate of copper of the respective 
groupings SO4, SO3, SO,, and C118, — and the correctness of the 
respective rational formulae Cii.804, CuO.SOj, CuO,.SO„ and CUS.O4, 
in accordance with the theories of Dulong, Berzelius, Long- 
champs, and Laurent respectively. Moreover, sulphate of copper 
may be electrolysed into Chi and SO3 + 0, while it may be formed 
by combining CuO with 80„ or CuO, with 80„ or CuS with O4. 
From considerations of this kind chemists have thought it better 
to employ, as much as possible, what are called synoptic formula, 
which express only the composition of acids and salts, and not 
their internal molecular arrangement. 

(10.) The anhydrous acids assumed to pre-exist in ternary 
acids and salts are mostly hypothetical, but those which have an 
actual independent existence are found to be quite devoid of 
acid properties, and in their reactions upon various classes of 
bodies to differ greatly from the corresponding acids. Hence the 
appellation acid is altogether inapplicable to them, and conse- 
quently the phrase anhydrous acid is become gradually disused, 
and the word anhydride adopted in its stead. The only anhy- 
drides often concerned in chemical reactions are the carbonic, 
silicic, stannic, sulphurous, and arsenious. With the carbonic 
and sulphurous anhydrides may be associated carbonic oxide 
and sulphuric anhydride respectively, as in the following table : 



CO 


Carbonic oxide. 


CO, 


Carbonic anhydride. 


8iO, 


Silica. 


8nO, 


Stannic anhydride. 


80, 


Sulphurous anhydride. 


8O3 


Sulphuric anhydride. 


Ab,03 


Arsenious anhydride. 
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The carbonic, silicic, stannic, sulphurous, and arsenious acids 
are unstable ill-defined bodies, which readily break up into water 
and the respective anhydrides. 

( 1 1 .) The general term salt is oflen taken to include the acid, 
or salt of hydrogen, as well as the salt of a true metal, such as 
sodium, or of a quasi-metal, such as ammonium. Using the term 
in this broad sense, it may be said that whenever different salts 
of different bases or basylides occur in solution, they imdergo 
mutual decomposition to a greater or less extent according to 
circumstances. Thus when solutions of chloride of hydrogen and 
nitrate of sodium are mixed together in equivalent proportions, 
we have produced some chloride of sodium and nitrate of hydrogen 
together with some imaltered chloride of hydrogen and nitrate of 
sodium, or the two salts become four salts, thus : 

arHCl + xNaNOj = yNaCl + yHNO^ + (or - y)HCl + (or - t/yS&SOy 

But whenever any one of the freshly formed salts is removed 
from the sphere of chemical action by precipitation or volatilisa- 
tion, there is a complete instead of a partial decomposition, 
thus: 



orHCl + *AgN03 - MgCl + xHNO 



y 



Hence we arrive at the following general law. Any two salts 
which, by an exchange of their respective basylides, can, under 
the conditions of the experiment, form an insoluble or volatile 
compound, undergo a complete double decomposition with pre- 
cipitation of the insoluble or evolution of the volatile compound. 
Oxalate of calcium, for instance, being insoluble in water, we 
know that when chloride of calcium solution is mixed with excess 
of oxalate of ammonium solution, the whole of the calcium will 
be precipitated in the form of oxalate of calcium, thus : 

•CaCl, + (NH4),C,0^ = 2NH4CI + CaC.O^. 

Again, acetic acid or acetate of hydrogen being volatile at a 
Moderate temperature, we know that when acetate of sodium is 
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heated with sulphate of hydrogen a double decomposition will 
take place, and acetic acid be liberated, thus : 

NaHaC.O, + H^SO^ « H^CaO, + NaHSO^. 

As will hereafler be seen, the deposition of characteristic pre- 
cipitates and evolution of characteristic gases or vapours constitute 
the most general means by which the presence of particular 
bodies can be analytically established. 



§ II.— CHEMICAL MANIPULATION. 

(12.) The spirit-lamp is very useful for many operations, 
especially when a small, smokeless, not over hot flame is required. 
The charcoal burner is scarcely necessary in a laboratory fur- 
nished with gas, but is otherwise almost indispensable. In a 
chauffer of the kind figured on page 38, one or two pieces of 
charcoal may be kept slowly burning, by occasionally blowing 
off the ash ; or a lai^ge brisk fire may be kept up, capable of 
boiling a gallon or more of water. A few pieces of charcoal 
may also be readily burnt on a coarse wire grating or trellis, 
resting by its edges on a couple of bricks or other suitable 
support. But gas is by far the most convenient fuel for ordinary 
laboratory work. Among burners which are very generally 
useful may be mentioned the batVwing-gauze burner. This 
consists of a large bat's-wing nipple, screwed into an elbow of brass 
tube standing on a flat iron foot, and provided with a gallery of some 
kind to support a brass chimney covered at the top with wire 
gauze. The batVwing fiame burnt without the chimney is 
convenient for bending glass tube, and when reduced by partially 
turning off the gas, is well fitted for blowpipe testing (fig. 4). 
With the chimney on, and the ascending mixture of gas and air 
burnt at the top of the gauze, as shown on page 34, a large 
smokeless flame is obtained suitable for heating sand-baths, flasks, 
test-tubes, &c. An argand burner, screwed into a fiat iron foot 
and provided with a short brass chimney, is also convenient for 
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many purposes, especially when a steady long-coDtinued heat is 
required. When small flasks, t&c., have to be heated, a flat 
brass ring with an aperture about the size of a shilling may be 
placed on the top of the argand chimney so as to confine the heat. 
In the Bunsen burner (fig. i ), gas issues from a short jet fixed 
in the interior of an upright tube, having holes at the bottom* 
through which air is sucked in, so as to produce a mixtiure of 
gas and air to be burnt at the top of the tube. The fiame is 

smokeless, and from its 
Fig. f . great heat well suited for 

ignitions on a small scale. 
In many Bunsen burners 
the gas may be either 
burnt in a single upright 
fiame, as above described, 
or in a fiat rosette of 
smaller jets well adapted 
for evaporations, distil- 
lations, &c., as shown on 
page 37. The Bimsen 
burner may be further 
modified by slipping into 
its upright tube, a some- 
what narrower tube, hav- 
ing an expanded, broad, flat openijig,--the flat flame from which 
is especially suitable for blowpipe use. Herapath's biurner (fig. 2), 
is a very useful instrument for effecting strong ignitions or 
fusions, and for glass working. It consists of a large blowpipe 
jet a, connected with the mouthpiece by a fiexible tube, and 
sliding in the interior of a brass tube b, furnished with a 
supply of gas, through a lateral projection c, fitting on to an 
elbow on which it moves easily, so as to allow of the fiame being 
turned in any direction. 

(13.) The mode of using the mouth blowpipe, though diflScult 
to describe, is fortunately very easy to learn. The best blowpipe 
for general laboratory use is that designed by Dr. Black (fig. 3 a). 
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It consists of a small conical tube of bi'ass or tin phte dosed at 
its broad, and open at its narrow end, which is usually furnished 
with a mouthpiece of bone or ivory. From the side of the cone 

Fig. a. 




near its broad end, there projects a piece oi narrow tube about 
an inch long terminating in a jet, through which the current ot 
air issues. This jet or nozzle should be turned out of a solid 
piece of metal, should be strictly conical both inside and out, 
and should fit on to the conical end of the narrow tube by mere 
pressure without screwing. It is advisable to have a fine jet for 
testing, and a coarse jet for glass working and general heating ; 
but for these last purposes a common brazier's blowpipe (fig. 3 6), 
or even a bent glass tube drawn out to a fine point (fig. 3 c) will 
usually suffice. 

A coarse bat's-wing burner with the gas partly cut off, so as to 
produce a flame scarcely larger than that of a candle, will be 
found very convenient for blowpipe testing ; but in defeult of gas, 
the flame of a large candle, or of a spirit lamp fed with solution 
of turpentine in spirits of wine, may be employed. The candle- 
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irick ahoold be cut of mediom length, and tamed iu the same 
directioQ as the blowpipe jet. 

In umng a blowpipe, the air mtist be projected by the moaclea, 

not of the chest, but of the mouth, which should be blown 

Kg. !■ 




Fig. 4. 



out like a tnimpetere. The breathing has to be carried on 
through the noae ouly ; and, oAer a little practice, it will be found 
eaaj to keep up a continuous pressure with the cheeks and lips 
quite unafltected 
by the alternating 
respiratoiy move- 
men te of the tnmk. 
The mouth should 
never be allowed 
to get exhausted 
of air, but be 
constantly reple- 
nished from behind through the nose. It will be requisite for 
the student to acquire the power of producing either an oxidising 
or reducing £ame at will. To produce an oxidising flame (tig. 4), 
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the exikreniity o^ the jet should be placed inside the gas- or 
candle-flame, and a steady not too forcible current of air main-> 
tained. By this means a continuous, silent, lateral flame, of 
sharply defined conical form, will be produced. The interior of 
this flame close to the jet will be dark, and contain an excess 
of cold air from the mouth ; 
while surrounding it will be ■^*fi'- S« 

seen a somewhat thick layer 
of clear blue. This is the 
cone of perfect combustion, 
the pointed extremity of 
which constitutes the hottest 
part of the flame. Outside 
this blue cone, more espe- 
cially at its termination, will 

be perceived a very slightly luminous yellow cone, in which the 
external air is in excess and at a very high temperature. This coi>- 
stitutes the oxidising portion of the flame, by exposure to which, 
a small piece of metallic tin, the size of a pin^s h'ead, should 
gradually swell up into a pulverulent mass of peroxide of tin. To 
produce a reducing or deoxidising flame (fig. 5), the blowpipe jet, 
which should be rather fine, is placed just outside the gas- or 
candle-flame, and a somewhat forcible current of air maintained. 
The resulting blowpipe flame is much less sharply defined than that 
previously described, and consists principally of a large luminous 
cone containing an excess of imconsumed carbon, which exerts 
a powerful reducing action. A minute portion of peroxide of 
tin, heated in this flame on a charcoal support, may be readily 
brought to the metallic state even without the use of a flux. 

The heating power of the blowpipe flame depends upon the 
continuous impulsion of hot gaseous matter on to the substance 
imder examination, and upon its rapid removal so soon as it has 
imparted its heat by contact. Moreover, a very perfect combus- 
tion of the fuel is effected, partly by air projected through the 
jet, partly by external air drawn in from the sides of the jet and 
flame, and coinciding in direction with the projected stream. 

c 
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(14.) Some amount of skill must be attained by the chemical 
Ktudent in constructing apparatus of glass tubing, and in other- 
wise working with glass. Ordinary tubing or rod may be cut of 
any required length by making a firm scratch across it with a 
triangpilar file, and then breaking it sharply at the file-mark by a 
conjoint pull and bend. Glass may also be, as it were, sawn 
through by means of a file, but the operation is rather tedious. 
It may be much facilitated by occasionally wetting the file with 
turpentine, or even with water. Glass may be bored through iq 
a similar manner by a drill or a hard bradawl dipped in turpen-* 
tine. When the neck of a flask, rim of a beaker, or portion 
of other glass apparatus, becomes cracked, a piece of ignited 
charcoal, or preferably of pastille, held in contact with the glass 
immediately in front of the crack, will serve to extend it in any 
desired direction, so as to cut off the neck or rim, &c. The 
charcoal may be kept alight by gently blowing on it. Pastilles 
are made of charcoal powder foimed into a mass with thick gum, 
a^d rolled into quill-sized sticks, which are dusted with charcoal 
and dried. 

Glass stirring rods are beat made firom a piece of solid rod or 
cane long enough for two stirrers. This is to be heated at its 
middle point in the blowpipe flame, turning it constantly round 
and gently extending it, until a constriction is formed, which 
when cold is scratched with a file. The two halves are then 
snapped apart, and the ends of the stirrers rounded ofi* by direct- 
ing the flame upon them for a few moments. 

Subliming or reduction tubes are pci&de by taking a piece of 
glass tubing of about 0*2 inch bore and six inches long, heating 
it at its middle point in the blowpipe flame until the glass is 
thoroughly sofliened, and then gently pulling the two halves 
asunder. The glass of which these tubes are formed should be 
clear, thin, and difficultly fusible. 

Ordir.£ry glass tubing, unless very thick, may be bent in the 
flame of a batVwing or Bunsen burner. The piece of tubing 
sliould be heated over a considerable portion of its length, either 
at once or wiccessively, and as it gradually softens be bent into. 
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the reqnired shape. The production of any constriction in the 
bore may be avoided by causing some length of tube to take part 
in the bend, which should never form a sharp angle, but a well- 
rounded curve, as in the syphon (fig. 6). 

Glass tubing may be drawn out to an almost capillary point, M 
in the jet of a wash bottle, end of a pipette, &c., by heating a 
portion of it, about a quarter 
of an inch long, xmtil it just ^^' 

softens and then steadily pull- 
ing imtil a sufficient constric- 
tion is produced, which is after- 
wards scratched with a file and 
snapped across. The point may 
have its edges rounded, and 
its aperture further diminished 
if necessary, by holding it in 
the flame for a few seconds or 
so. In order to point the ex- 
tremity of a piece of tubing, 
another piece of tubing or rod 
must first be joined to it by 
the blowpipe, so that the neces- 
sary extension may be made. It is often advisable to thicken a 
tube slightly at the spot where it is to be drawn out, by rotating 
it for some time in the flame, and gently pressing its ends to- 
gether. In this way the conical aperture may be made both strong 
and fine. 

(15.) Glass-blowing is a valuable accomplishment to the 
practical chemist, but there are only one or .two small operations 
with which it is actually necessary for the student to become 
&miliar. It will be rarely worth while for him to make his own 
test-tubes, but he should be able to reseal any that have got 
accidentally broken. By means of the blowpipe, a piece of waste 
rod or tubing must first be joined firmly on to two 01 three pro- 
jecting points of the broken end, and be made to coincide as 
nearly as practicable with the axis of the test-tube, as in fig. 7.- 

c 2 
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Then, at about half an inch or more from its broken end, the 
tube is to be steadily heated in a large blowpipe-flame, and con- 
stancy rotated until a considerable constriction is formed, when 
gentle extension may \)e employed. The flame is next to be 
directed upon what will form the bottom of the tube, just at its 

Fig. 7. 




bend or shoulder, and the extension continued. By this means 
the end to be pulled away will be left irregularly conical, and 
that of the new tube well rounded. Finally, the thread of glass 
proceeding from the cone is to be strongly heated at its junction 
with the tube until it melts and becomes detached. There is 
thus always lefl on the bottom of the tube a little burr or projec- 
tion of melted glass, which, if sufficiently small, may be made to 
disappear by heating it and the whole bottom of the tube until 
the glass is soft, and then blowing into the tube with moderate 
force while rotating it in the mouth. The burr, if too large for 
this treatment, may be melted in a small blowpipe-flame, and 
then have a piece of waste tubing, previously warmed, applied to 
it, and quickly drawn away, so as to bring the burr with it. In 
this manner a smaller burr will be lefb, which may be melted 
into the bottom of the tube as above described. The mouth of a 
test-tube may be everted by softening it in the flame, and then 
bending the edge imiformly outwards with the smooth end of an 
old file previously heated nearly to redness; or else a conical 
piece of charcoal may be twisted into the softened mouth of the 
tul?e. 

GJass tubes sealed at both ends constitute the best means of 
pireserving small specimens, either of liquid or solid. One end of 
the tube is first sealed as if for a test-tube, save that the small 
burr need not be interfered v/ith. The other end is then con- 
stricted to a greater or less extent, according to the size of the 
specimen to be introduced^ so as to leave a funnel-shaped 
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appendage, as in fig. 8. Liquids may be introduced through a 
very constricted opening by alternately warming and cooling the 
body of the tube while the liquid p. - _. 

is contained in the funnel. After 
the substance has been introduced, 
a small blowpipe-flame is gradually 
brought to bear upon the con- 
striction, and the sealing com- 
pleted. Very careful heating is 
more particularly required when 
the constriction is moist from the 
passage of liquid. For practice 
the student should seal up small 
tubes filled to within an inch or 
so of their length with water, spirit, 
sulphur, sugar, &c. When sealed 
tubes are used for effecting reac- 
tions under pressure, their ends 
have to be made with great care 
so as not to be less resisting than 
the original sides. 

When a small bulb has to be 
blown upon the end of a piece of 
tubing, the closed end must first 
be thickened by rotating it in the 
fiame for some time, and pressing 
it up with a piece of charcoal until 
enough glass has accumulated. 
This thick portion has next to be 
strongly heated, then withdrawn 
from the fiame, and have air quick- 
ly but gently blown into it from 

the other end, during constant rotation of the tube in the mouth. 
Or a bulb may be blown in the course of a tube, as in making a 
bulbed pipette (fig. 9 b), for instance. For this purpose a portion 
of the tube is to be thickened considerably by rotating it in the 
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ilame for some time and gently pressing, the two ends together. 
The nearest end is then to be closed with a cork, and the thickened 
portion, having been strongly heated, is to be distended into a bulb 
by blowing into the tube at the other end, during its rotation in 
the month. In making a pipette, a strong capillary termination 
should be first formed, and the bulb afterwards blown. The 
suction orifice may be everted or not at pleasure. The successful 
blowing of even small bulbs will not be found easy save after 
considerable practice. 

(i6.) Connections of tubing and apparatus are made in various 
ways. Two pieces of tubing of the same diameter may be sealed 
together, but the operation requires some amount of skill for its 
performance. The two ends, well adapted and by preference 
8lighdy everted, should be heated to soflening in the Bunsen or 
blowpipe flame, and then brought steadily into contact, taking 
care that the edges exactly coincide. The junction has then to be 
heated for some time, constantly rotating the tube, and alternately 
pushing and pulling the firec ends, one of which should be stopped 
with a cork, and the other occasionally blown into, so as to main- 
tain a proper calibre. A piece of wide may be joined to a piece 
of smaller tubing, by first drawing out the former to a point, and 
then cutting it across just where its diameter coincides with 
that of the narrow tube. The two can then be joined together 
as if originally of equal size. In this way funnel-tubes may be 
made. 

Glass tubes of more or less similar diameter are best connected 
by means of a short piece of vulcanite tubing, the internal diameter 
of which should be rather less than the exterior diameter of the 
glass tubes, so as to grasp them firmly by its contraction without 
requiring to be tied. In the absence of vulcanite, small connec- 
tors may be made of sheet india-rubber, a piece of which of the 
required size is to be gently warmed, and wrapped round a glass 
jrbd or tube ; when its opposite edges, having been cut obliquely 
■so as to overlap, and firmly pressed together with the thumb- 
nails, will, if freshly cut and perfectly clean, adhere thoroughly. 
The removal of the caoutchouc connector, from the tube or rod 
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on which it has been made, may be facilitated by first moistening 
the rod in the mouth or afterwards dipping it in water. Glass 
tubes may often be advaniageously connected by a considerable 
length of vulcanite tubing, which can be closed at will anywhere 
in its course by pressing it together with a clamp of some kind, 
or even by tying it tightly with string. A stiff union of two 
tubes may be made by wrapping a piece of well-soaked bladder 
or parchment paper several times round their opposed ends, and 
allowing it to dry on. Or they may be first connected by a piece 
of vulcanite tubing, and then stiffened by tying on one or two 
wooden splints made out of lucifer matches. In this way an 
ordinary funnel may be readily converted into a funnel-tube. An 
extempore funnel-tube may also be formed by merely resting 
a small funnel in the suction-orifice of a plain straight pipette 
(fig. 9 a). 

A small tube may be adapted to a considerably larger one, or 
to the neck of a flask or bottle, by means of a well-fitting per- 
forated cork, the size of which can be readily reduced to any 
required extent by rasping and filing. A sound cork of slightly 
conical shape, and of such a size as to require some little force 
foit its insertion, having been softened by pressure between the 
fingers or rolling under the foot, should be pierced by thrusting 
the point of a rat«tail file half way through it from each end, and 
then right through. The hole so made must be enlarged by filing 
until of a size to fit the tube tightly. When two or more holes 
have to be made in the same cork, care must be taken to have 
them all parallel, and as equidistant as possible from one another 
and from the outside of the cork. For making the necessary 
perforations variously-sized brass tubes with cutting edges, knowii 
as cork-borers, may be used with advantage instead of files. 
The holes made with them should always be rather too small at 
first, so as to require some little enlargement by filing. By means 
c^ cork-borers, very admirable substitutes for corks may be cut 
out of solid vulcanite. The end of a tube to be inserted throi^h 
a perforation should aliyays be rounded off by carefully heating it 
to redness, so that it may not cut or tear the bore, through which 



^4 



CHEMICAL MANIPULITIOK^ 



it is, after cooling, to be gradually thrust with a acrew-like motion* 
If fitting very tightly, it may advantageously be greased before its 
insertion. The cork, with its tube or tubes, is next to be fitted 
to the neck of the fiask or bottle by direct pressure with the 
fingers and by gentle screwing. That the junction is air-tight 
may be ascertained by sucking out or blowing into the closed 
apparatus, and noticing with the tongue whether any exhaustion, 
or by the ear whether any compression, is produced. Lutes 
should be avoided as much as possible, but sealing-wax, 
varnish, white lead, and linseed meal paste are sometimes useful 
to stop a leak. Occasionally two pieces of tubing of more 
or less similar diameter are connected by being each of them 
inserted half-wa^ through the opposite ends of a long perforated 
coris:, 

(17.) By means of glass tubing, vulcanite connectors, and 
perforated corks, together with fiasks, bottles, or test-tubes, the 
student may construct for himself a variety of useful apparatus, 

such, for instance, as 



Fig. 10. 



\ 



the drop-bottle (fig. 
10). From this, when 
surroimded by the 
warm hand and in- 
verted, the water or 
other contained liquid 
issues in a succession 
of drops; but when 
forcibly blown into and 
quickly inverted, a jet 
of water springs forth 
with considerable but 
gradually decreasing 
force. This bottle, 
which should never be 
more than half filled, is convenient for moistening substances, 
and for washing down into filters or evaporating dishes the fre* 
quently adhering contents of inverted tubes and beakers. 
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The wash-botde also (fig. ii), 
when held in tin upright position 
snd blown into through the abort 
tube, inmiahes a fine strong jet of 
water suitable for waahii^ precipi- 
tates; while, upon simple inrer- 
uon, it deiivere a coarse stream of 
wa^r through the blow-tube, serv- 
ing to dilute solutions, dll t«st- 
tubes, &c. The blow-tube may 
conveniently be made with a vul- 
canite joint or mouthpiece, so as 
to allow some freedom of move- 
ment during its use. The jet also 
may be attached by a cork joint, 
whereby it can be pointed in any 
directioot It is convenient to have 
several wosh-bottlee, one for cold 
distilled water, one made out of 
■ £at>-hottomed flask for boiling 
water, one of smaller size tot alco* 
hoi, &c. The neck of the hot- 
water flask should be hound round 
with list or something of the kind, 
ao aa to ^low of its being handled. 
The blow-tube of the alcohol flask 
may be temporarily closed by a 
short length of vulcanite, one end 
of which has been stopped with a 
bit of glass rod. 

' Retorts suitable ibr the genera- 
tion of gases are readily made by 
adapting a bent tube and cork 
to a small Hask or test-tube, as 
in fig. 12. But when the gas is 
liberable without the application 
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Fig. 13. 



of beat, a small phial, of Buch a shape as to stand firmly on the 
table, may be used instead of a fiask. The addition of a funnel- 
tube is useful when fresh liquid has to be supplied from time to 
time in order to maintain the effervescence. The bottom of this 

tube must dip under the liquid in the 
retort or bottle, so as to be cut off 

9 from the liberated gas. 

An arrangement of the kind shown 
in fig. 13 is useful for testing the 
nature of a gas generated by the 
action of a known liquid, usually an 
acid, upon some unknown substance. 
The acid is poured upon the other 
substance through the tube-fimnel, 
and. the gas conducted by the bent 
tube into the test solution, where its 
effects, if any, are observable. 

Gases oflen require to be purified 
by acting on them with certain liquid 
or solid reagents capable of retaining 
their different impurities, of which 
aqueous vapour is by far the most 
common. The solid reagent, divided 
into small pieces, is usually contained 
in a glass tube, either straight or bent 
in the form of the letter U, — a little 
cotton wool or tow being interposed 
between it and the perforated corks 
of the tube. The liquid reagent is 
either absorbed into pieces of pumice 
or other porous solid contained in a U-tube, or the current of gas 
is allowed to bubble up through the liquid contained in a two> 
* necked bottle, or in a wide-mouthed bottle, or in a U-tube, ac- 
cording to circumstances. Most insoluble gases, when required 
in a pure state, are first washed by their transmission through 
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water, and tlien dried, if necessary, by b«ing passed over chloride 
of calcium or pumice soaked in oil of viCiiol. 

An apparatus for evolving sulphuretted hydrogen gaa is indis- 
pensable to the analyst. For ordinary testing the generating 
bulb shown in fig. 14 is very convenient. Four or five small 
Jumps of sulphide of iron, not larger than peas, are slid down the 
neck into the bulb, and mvered to some depth with water. Sul- 
phuric acid is then added little by little, until » briak effer- 
Fig. 14. 




1 produced, which usually happens when the acid 
ja about one-tenth part of the vtatei previously introduced. 
The mouth is then closed by a tightly fitting cork, or even by the 
thumb, and the evolved gas transmitted through the solution to 
be examined. In the absence of the above -described bulb, the 
UTARgement shown on page x6 may be employed. The gss 
from either apparatus may be washed, if necessary, by tranx- 
misaion through a little water contiuned in a second generating 
bulb, or in a test-tube, as shown in fig. 42. But when a con- 
tinuous supply of washed sulphuretted hydrogen is required, as in 
some toxicological experiments, a difierent arrangement is pre- 
ferable. The gas is developed in a Wolfe's bottle, into one neck 
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of which there pUBses a tube-fimnel, and from the other a deliveiy- 
tube bent twice at right angles, which dips through a wider tube 
into a second bctde chai^d with a very dilute solution of potatili, 
and tumished with a delirery-tube conveying the gas into the 



solution to be precipitated, as in f 
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Bnt contriTances of 
this kind amy be 
infinitely varied, ac- 
cording to the lancy 
of the operator. 

(18.) Filtration ia 
peribrmed in order 
to separata a mecha- 
nically mixed liquid 
and solid, with a 
view to obtain the 
clear liquid which 
paaaes through the 
filter, or the sus- 
pended solid which 
is retained on the 
filter, or both liquiS 
and solid apart from 
one another. For 
analytical purposes, 
a fine, thin, white 
hlotting-paper is employed as the ordinary filtering medium. Boil- 
ing water should not dissolve anything from it, and when burnt; 
it should leave scarcely any appreciable ash. It is sold either in 
sheets, or preferably cub into circles of various sizes. A round 
or square piece of the paper is folded, in one or other of two ways, 
into the form of a cone, which, unless very small, should rest in 
a funnel of glaaa or fine porcelain. When the object of filtration 
is merely to clarify the liquid, and especially when such liquid ia 
at all viscid, or requires to be veiy quickly filtered, as often 
happens with a hot saturated solution, a ribbed filter is employed. 
The mode of folding this filter is not easily described, though 
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Terr easily lesmt fronv dcmonatration. A circle or iquBTe of 
paper is folded first into halves, then into quarters, and each 
of the two double quarters again into quarters, sU the creases 
being made on the »ame tide of the doubled paper ; each sector 
JB next to be divided into two by a crease down the middle made 
on Ike opposite aide of the still doubled paper. At this stage the 
filter assumes the form of a child's fim (fig. 16 a), and in the 




event of a square of paper having been used, the projecting ends 
maj be cut off while the faii is closed. The doubled halves are 
now for the first time separated, which may be bcilitated by 
blowing on to the edge of the paper, when a deeply ribbed cone 
will be produced, consiadng everywhere of alternate internal and 
external angles, except at two opposite places where two external 
angles will be found tc^ther, between each of which a subsequent 
fold must be made, so as to produce an internal angle between 
them. The filter is now completed, and when gently opened out 
has thfffonn shown in fig. 16 b. The different creases should be 
made very diarply at the oircumierence, but indisdnotly at the 
centre of the paper, for fear of weakening it too much. 

Bnt when the chief object of filtration is to collect the sus- 
pended matter, most uiAiaUy a precipitate especially thrown 
down, a plain filter is much to be preferred. A piece of paper is 
folded into halves and tlieu into quarters, when it will have the 
outline of an isosceles triangle, with two straight and one curved 
side if folded from a circle, or with three straight sides if folded 
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diagonally from a Rqnare, in which case the base moat be out 
ronnd, as shown in fig. 17 a. The filter ii then opened out, 
fesTing three thicknesses on one side and one thickness on the 
other, so as to form a smooth cone (fig. 1 7 6), which is cBToAilly 
fitted into a funnel in such a manner as to be well supported all 
round. The funnel should be rather larger than the filter, bo &■ 
to project somewhat beyond it, while the filter itself should alw»ys 

Rg. 17. 





project beyond the contained liquid. Where it is necemaiy to 
employ a double filter, the two should be folded separately, and 
■0 arranged in the funnel that the three thicknesses of the one 
may correspond to the one tbickneas of the other. The outside 
filter is often made very small, so as merely to support the 
bottom of the other. A filter should always be wetted before 
receiving the mixture to be filtered. This is necessaij in order 
to swell the paper and thereby close its pores, which are o^ierwise 
apt to become choked with the precipitate, if indeed some of it 
be not carried through by the rapid imbibition which at first 
takes place. When the liquid passes through the paper at all 
turbid, it should be returned once or twice into the filter, after 
which it will generally come through clear. It is usually advisable 
to let the mixture to be filtered subside a little before beginning 
its filtration. The compsiatively clear liquid is tben poured off 
into &e filter, and, when it has nm through, the thick sediment 
added separately. The interior of the tube, teat-glasa or beaker, 
which contained the mixture, is next to be washed down by a 
small forcible stream from the wash-bottle, and .tlie rinsings 
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poured on to the deposit left in the filter b^ th« draining amy of 
tlie preriously added liquid. lastly, b; means of a waidi-battlej 
any deposit extending up tbe sidee of the filter ia washed down to 
its centte, so that the entire precipi- 
tate may be collected into as small a ^- 1^- 
bulk as poewble, for further treat- 
ment. It is often necessary, mora- 
over, to wash a precipitate thoroughly, 
■0 aa to free it Irom every trace of 
soluble matter. This is done by 
projecting water upon it several times 
by means of the wash-bottle, and al- 
lowing the bulk of each addition to 
filter away before repeating the pro- 
cess, until, on evaporating down a 
few drops of tlie filtered washings, 
no residue whatever is left upon the 
slip of glass or platinum foil. The 
stream of water must not be too 
forcible, for fear of making a hole in 
the filter or causiDg a. epurtinj; of its 
contents. Moreover, in pouring into 
an empty filter, the liquid should be directed along tbe tide and 
not immediately upon the point of the filter, which is its most 
unprotected and consequently weakest part ; while tbe filtered 
liquid if received in a wide beaker or evaporating dish, should 
be made to run along the side of the glass or dish, xo as to avoid 
spurting. Again, in pouring trom one vessel into another, — from 
a beaker or wide-mouthed fiask into a fiinnel for instance, — a 
glass rod should be applied to the lip of the fiask or beaker, aa 
shown in fig. i S, not only to direct the course of the liquid into 
the funnel, but also to prevent any of it being spilt by running 
over the side of tbe delivering vessel. This rnnntng of liquid 
over the aide nay also be avoided by grearang that part of the 
lip which ia ponred firom, with a little tallow or spermaceti 
ointment. 
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When it is necessary to remove a wet precipitate from tlie filter 
on which it has been collected, the well-drained filter, carefully 
removed firom its funnel, may be spread out on two or three folds 
of bibulous paper to absorb superfluous moisture, and the preci- 
pitate be then carefully scraped off fi*om it by a spatula of ivory, 
platiniun, or steel ; or the drained filter may be spread out on 
one side of the funnel, and its contents washed quickly down by 
a forcible stream from the wash bottle ; or, by means of a glara 
rod, a hole may be made in the bottom of a filter tn situ, and its 
contents washed through ; or the precipitate may be dissolved ofiT 
the filter by causing some solvent, usually an acid, to pass through 
it several times, preferably at a boiling temperature. 

Decantation often furnishes a ready substitute for filtration in 
cases where the solid part of a mixture has subsided to the bottom 
of the precipitating glass. The speedy and complete subsidence 
of a fireshly formed precipitate may often be effected by violently 
shaking up the mixture for a few minutes in a closed vessel, when, 
after standing at rest for a little while, the clear supernatant liquor 
may be poured off with a steady hand, or be withdrawn by a 
syphon or pipette. In using a pipette great care must be taken 
not to allow any of the liquid once sucked up to descend again 
upon the sediment so as to disturb it. A deposit from which the 
supernatant liquid has been removed by some form of decantation 
may be washed by pouring water on to it, stirring it weU up, and 
letting it again subside for a second decantation, and so on. A 
thin layer of liquid overlying a deposit may often be sucked up 
very completely by a coil of bibulous paper, introduced with care 
80 as not to disturb the deposit. 

Syphons and pipettes are useful not only for separating a super* 
natant liquid from a deposited solid, but also for separating two 
Strata of different liquids from one another. 

(19.) Apparatus to be heated over the several burners already 
described, may, according to its nature, be supported in various 
ways. It may rest on the ring, or be held by the clamp, of a re- 
tort-stand ; or an independent upright clamp or tripod stand may 
be employed. The tripod is often replaced with advantage by a 
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jacket of clay, or metal, eurrotitiding the btmer, uid ao prevent- 
ing diaugbta, as shown in fig. 19. Iron triangleH also to rest on 
the top of the jacket, tripod, or retort-ring, are in constant requi- 
aition. A triangle 



ahcathed with three pieces of 
tobacco-pipe, is usefiil for sup- 
porting small porcelain cruci- 
bles that have to be made 
red-hot, but the mass of the 
tobacco-pipe interferes with the 
attfunment of a very high tem- 
perature. Small triangles of 
platiDuin wire are lar more 



Fig. 19. 




Flasks and retorts may be 
heated at some little distance 
over an argand flame without 
the interposition of any me- 
dium. Bnt witli the gauze 

burner, and more particularly with the Buusea burner, it is 
adviRable to protect the bottom of the vessel by a piece of stout 
wire gauze. Beakers should be placed either on a fiat iron plate 
or sand-bath, and the heat be raised cautiously. Porcelain 
evaporating dishes may be heated almost anyhow, according to 
circurostaDces ; but when the fiame touches the bottom of the 
dish some little care is necessary, both at the commencement of 
the operation, and when the liquid is evaporated nearly to dty- 
neas. Watch-glasses require very careful heating. They are 
best held by the thumb and finger over a small fiame, bnt 
may be supported by forceps, wire-triangle, or special watch- 
glass holder. When containing liquid, to be heated by means 
of a sand-bath, they should not be depressed into, but just 
mi on, the top of the hot sand. Test tubes may be readily 
heated in the £ame of a spirit lamp or gauze-burner. Th^ 
djould be held between the thumb and fingers, and be constantly 
■haken from side to side, especially during boiling, to prevoit any 
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sudden expulsion of tiw contained liquid, with wbicL tliejr ahoold 
not be man tlian half filled. When the boiling haa to be long 
eontintied, a piece of paper or cloth may be bound or twisted 
round the upper part of the tube, ao 
as to protect the finger*. Test tube 
holders are rarely of much uee. 

Small capeulee and cmciblee, of 
platinum or Berlin ware, may be 
heated to rednesa over an aigand 
(fig. 20), or to full redness over a 
Bunseo burner, or by the blowpipe 
flame. They may be held either 
with forceps or on triangles of wire 
or tobacco-pipe. When a strong 
heat is required, they should be 
surrounded with a Bmall jacket of 
metal or clay. 

Sand-baths are usually formed of sheet iron. Some are made 
lEther deep to receive flaska and retorts, others neariy flat for 
beakera. The sand, whic^ 
must not be heaped abore 
the level of the liquid to be 
heated, should be of uni- 
form size and rather coarse. 
An iron plate, or trellis of 
thick iron wire, forms an 
excellent aubstitate for a 
flat aand-bflth. 

The wat^r-bath is used 
for heating mibstancee to a 
temperabire not exceeding 
100° C. A small saucepan, 
with an evaporating dieh for 
cover, forms a capital 
makeahift. The saucepan lid 
may be npUcad by a aeries of broad 4iigB of tin plate, having 
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apertiur^ of different sizeB ibo support small evaporating dialies 
(fig. 21), ct^psules, watch-glasses, necks of flasks, &c. Beakers, 
flasks, .Qnd iretprts, to be hei^ted in a water-bath, should not be 
allowed to touch tjaa bottom of the bath, but should rest on a 
piece of tow or folded doth, as well to avoid danger from bumping 
as to prevent the communication of an increased temperature by 
contact with the heated metal. 

(20.) Heat is applied to liquids in order to warm, evaporate, 
boil, or distil theip. Evaporations are performed on slips of flat 
glass, or on watch-glasses, or evaporating dishes. The crjstallinje 
forms of various salts may often be recognised by dissolving a 
grain or so of the salt in a drop or two of water on a glass slip, 
evaporating until a solid margin appears, and setting aside to 
crystallise. The residue may then be examined by a lens, or 
imder the low power of a microscope. The evaporation of a 
small quantity of liquid, confined in a watch-glass for instance, 
may often be promoted by gently blowing on its surfa^ce for a 
little while. A dish in which evaporation is taking place (flg. 19) 
may be loosely covered with a piece of filtering paper,, stiffened 
by a glass strip passed through and across it ; and oare should 
be taken not to allow the liquid to boil. In evaporating to dry- 
ness, it is well to have the heat lowered as the process approaches 
completioiii, and the residue, if considerable, kept constantly 
stirred. 

Ebullition is conducted on a small scale in test tubes, and on 
^ larger scale in flasks, — ^Florence oil flasks being among the best 
and cheapest that can be employed. A flask of cold liquid, hdd 
oyer a naked flame, quickly becon^es covered with a deposit of 
mpisture, which it is advisable to wipe off once or tyviee. El;)ul- 
lition sometimes takes place intermittingly, and with coi^siderable 
jerking or bumping. This may often be prevented by introduc- 
ing a coil of platinum wire or piece of tobacco pipe into the liquid, 
either before boiling or after cooling down a degree ojt two. If 
introduced during boiling, it ib ,^t to produce a violent rush of 
vapour. It is occasionally useful to ad^t a Ipng upright tube ^ 
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Fig. 21. 
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the month of a flask (fig. 22) in which a liqnid has been heated, 

so that any vaponr given off may 
be condensed in the tube, and flow 
back agsdn into the flask. 

Distillation is usually conducted 
in an apparatus composed of a 
boiler, condenser, and receiver. 
On a small scale the boiler is re- 
presented by a glass retort, or 
flask with its bent tube, the re- 
ceiver by a test tube, flask or 
bottle, and the condenser by a 
long glass tube placed between the 
retort and receiving fla^, and sur- 
rounded either by a constantly 
changing layer of water, as in Lie- 
big's condenser, or by a piece of 
blotting-paper kept moist by the 
constant dripping of water. Very 
ofl;en a separate condensing tube 
is dispensed with, and the long 
neck either of the retort or receiv- 
ing flask alone employed. Fig. 
23 shows a very simple arrange- 
ment of this description. The liquid is boiled in a long-necked 
retort, and the distillate conducted by means of a bent adapter 
into an upright bottle. A twist of thoroughly wetted tow, or 
lamp-cotton, is tied somewhat tightly round the retort-neck, at 
about an inch above the point where it enters the perforated 
cork of the adapter, and the ends of the twist allowed to hang 
down for two or three inches. A piece of filtering paper of 
suitable size and shape to embrace almost the entire circumference 
of the neck, and reach irom just above the twist of tow almost 
to the curve of tihe retort, is moistened with water, laid upon 
the retort-neck and bent round it so as to adhei-e closely. A 
second piece of filtering paper is at first Iblded by means of 
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three creases into four strips and then placed over the other, so 
that the flaps being bent down, its middle portion will form a 

Fig. 23. 




small channel along the top of the- retort-neck. It should be about 
two-thirds the length of the other, and not reach so high up. By 
this arrangement the water constantly dropping out of a partly 
plugged funnel from the height of half an inch or so on to the 
surface of the inner paper, at a little distance from its upper ex- 
tremity, is conveyed along the channel, spread uniformly over the 
retort-neck and drained away by the twist of tow. If the short 
length of neck intervening between the twist and adapter be dry 
at the beginning, it will continue so throughout the experiment. 
For further seciudty, however, it may be marked with a ring of 
grease. Adapters are of all shapes and sizes. Such a one as that 
shown in the woodcut is easily made out of a piece of tubing or 
broken retort neck. Others, intended to act more or less as 
condensers, are represented in fig. 24. Another convenient form 
of distilling apparatus is shown in fig. 4.0. The boiler consists 
of a round fiask, from which a long wide bent tube dips through 
a perforated cork into a Florence fiask resting in a basin of water. 
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^e coA must either not fit tightfy or have & alit cut in it, so as 
to penbit die eaoipe otanj nncondenaed vaponr. The neA and 
upper Bor&ce of the receiving flask should be surrounded wiUi 
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filterimg paper, on to which water should drop from a funnel. A 
bend of sheet lead may be placed orer this flask so as to unk it 
itf we water. 

'Obe of tlie simplest varieties of Lieblg's condeilBer is shown in 



Fig. ij. 




figure 2 J. It is merely a cylinder of tin-plate, having four 
slightly conical tubular apertures — two in the same plmie with 
^ach other at either side of the cylindrical sur&ce, and two oppo- 
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site eadi otber in the terminal circular planes. By means of 
well*filtilig perforated corks a fhnnel tube of tin-plate or gkssk 
insetted into the distant horizontal aperture, and an exit tube of 
tin or glass into the other, while the distilling tube ext^ids 
through the axis of the cylinder. The hot contents of the di9- 
tillilig tube pass downwards, becoming colder and colder' ia their 
descent, while the stream of cold water entering the ccmdenser 
through the fimnel passes upwards, becoming hotter and hotter 
in its ascent until it escapes- at the overflow pipe. The condenser 
may be fastened to a retort-stand with string or wire, as in the 
figure, or may be supported by a clamp of some kind. Liebig^s 
condensers are made in every variety of form, size, material, and 
construction, — some of them being provided with special supports, 
which allow them to be heightened or lowered at vdll, and placed 
at any desired inclination. 

(2 1 .) Heat is applied to solids in order to warm, dry, ignite, 
fuse, or volatilise them. Any tube, flask, or retort, the interior 
of which cannot be reached by the Angers, should, afier tiiorough 
cleaning,* be rinsed once or twice with distilled water, and then 
drained as dry as possible by means of draining pegs or some 
other mode of support. It should next be wanned carefully over 
a gas flame or in front of a fire, and the hot moist air sucked out 
of it from time to time by the aid of a long tube reaching into 
it for some Fig. jg. 

considerable 
distance, as 

shown in flg. <=;^=ssss^ss=s^ 
26. Narrow 
glass tubing is 

* There is seldom much difficulty in cleaning laboratory glass from any 
stain or dirtiness, when it is not of long standing, by means of cold or hot 
water and dilute or strong acids or alkalis, aided by extempore brushes 
made of moist tow dipped in sand and listened on to thick pieces of wire^ 
or by tube-brushes made specially for the purpose. Flasks, retorts, &c.» 
may often be very efficiently cleaned by shaking them up somewhat vio* 
lently, after the introduction of a little water and a few pieces of soft paper 
or rag. The interior of narrow glass tubing is best cleaned by pushing a 
piece of moist filtering paper through it. 
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dried hj heating some length of it over a gas burner or spirit 
lamp, and siomltaneoualy BQcking air through it widi the month. 
In ihe absence of an air- or wal«r-oven, redaction tubes and 
dmilar small pieces of apparatus maj be dried b; heating them 
on a RUd-bath standing over a burner ; or preferably on a flat 
iron plate, which in many other cases also may be advantageoosly 
substituted for a sand-bath. Moist powders of various kinds may 
be dried on a wat«r-bath, or aand-bath, or by ignition over an 
argand burner, &c, according to circuroBtancea. A washed pre- 
cipitate retained in its filter and funnel may often be quickly 
„ dried by supportiog the fun- 

nel on a broken beaker or 

short lamp-glass standing 
upon a trellis of iron wire, 
underneath which a small 
gas-flame ia kept burning 
(fig. 27). Or the Glter may 
be supported over a heated 
iron plate by means of a 
small tripod - stand, easily 
made out of copper -wire. 
When nearly dry, the filter 
with its contents may be re- 
moved from the funnel and 
placed in a water-bath ; or 
the washed precipitate and 
filter may be removed care- 
fully from the fuanei, presBed 
gently between folds of blotting-paper, and placed at once in the 
water-bath. At moderate temperatures, drying over oil of vitriol 
in the exhausted receiver of an air-pump takes place with con- 
dderable rapidity. Moreover, a shallow air-pump-jar siaading 
on a i^ate of ground glass over a dish of oil of vitriol or quick- 
lime, fbmtH a very convenient chamber in which all sorts of 
bodies may be dried and kept dry. 

Aniinal gfllids are frequently subjected to ignition in order to 
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bum off their organic, and leave behind their mineral matter, or 
ash. The tissue, <&c., may be first carbonised in small portions 
at a time in a thin Berlin capsule or crucible, heated over a gauze 
burner, in some place where the empyreumatic vapour, &c., can 
be readily got rid of. The resulting charcoal should then be 
pulverised, and the powder heated steadily for some hours in a 
shallow platinum capsule, or on a tray of platinum foil, supported 
over an argand flame, when the charcoal will gradually bum 
away, and a white or greyish ash be left. The temperature 
shoidd never exceed that of dull redness, as otherwise the ash, 
save that of blood, is apt to fuse over the remaining charcoal, and 
so prevent its combustion. The operation is much facilitated by 
protecting the capsule from draughts, and particularly by placing 
over, but not immediately upon it, a cover of thin platinum foil. 
Carbonate of sodium and other fluxes employed in testing, are oflen 
heated to dull redness over an argand flame just before being used. 
Moreover, in quantitative analysis, filters and their contained 
precipitates have constantly to be burnt, with a view to getting 
rid of the filter-paper and leaving the precipitate in a state fit for 
being weighed. The ignitions made on charcoal or platinum 
wire in the cotu'se of blowpipe testing will be presently described. 
Independently of the many fusions made in the course of blow- 
pipe testing, others on a somewhat larger, though still very small 
scale, have occasionally to be performed by the student. There 
are, for instance, a few substances which require to be fused with 
carbonate of sodium or potassium, either alone or mixed with 
some other reagent, before they can be brought into a state of 
solution, and so identified by ordinary analytical processes. The 
insoluble substance is usually incorporated with three or four 
times its bulk of a mixture of carbonate of sodium with carbonate 
of potassium, or in some cases with either the nitrate or cyanide of 
potassium, and heated to thorough fusion over a Bimsen or blow- 
pipe fiame, in a platinum or porcelain capsule, or in a small iron 
spoon. In making these fusions, it is most important that both 
the substance and fiux be well dried, very finely powdered, and 
intimately commixed. The capsule or crucible shoidd be heated 
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at first veiy gradually, but nltimatelj to the highest attainable 
temperature. 

The only volatilisatioiiB whidi the student will be called npon 
to perform are made in Harrow glass tubes, — open at both endis 
when a current of air is required to act upon the heated sub- 
stance, or open at one end onlj when a simple sublimation h 
intended. Powdered substances of various kinds may be intro- 
duced into narrow tubes open at both ends, by first placing a 
soitable quantity of the powder in a gutter of stiff glazed paper, 
pushing this gutter with its contents into the tube held hori- 
zontally, then inverting the tube and gutter, and, lastly, with- 
drawing the gutter while still inrerted. The same method may 
sometimes be used with closed subliming tubes, so as to aroid 
soiling their interiors, but is unnecessary when both substance 
and tube are thoroughly dry. The tube, whether open or closed 
at one end, should be made of hard glass, and be heated in the 
fiame of a spirit lamp or Bunsen burner. 

(22.) Although quantitative dialysis does not come withinf the 
scope of this work, yet a few Words on weighing and measuring 
may not form an inappropriate addition to the foregoing remarks 
on chemical manipulation. The general adoption d the French 
metrical system, of which the gramme is the unit of weight, and 
the cubic centimetre or bulk of a gramme of water at its greatest 
density the most usual unit of measure, is highly desirable ; but 
in defiiult of this, the English decimal system, of which the 
standard grain is the unit of weight, and the bulk of a grain of 
water, at 62° F., the unit of measure, may be employed. In the 
chemical laboratory we dispense altogether with the use of 
ounces, drams, &c., and speak only of so many grammes amd 
cubic centimetres, or grains and grain-measures. Mr. Grriffin 
takes the bulk of seven grains of water as his imit of measure, 
which he terms a septem, so that looc septems are equal to one 
decigallon, or to the bulk of a pound of water. The use of this 
decimal division of the gallon is ofi;en very convenient, and quite 
compatible with that of the grain-measure, the septem and grain- 
measure standing to one another in the simple relation of 7 to i , 
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as dbown in the following table. The figures with a dbt orefif 
them arie ikiexact. 



Qailoii 

Dec%tilioii or pound 



Quaft . . 
Pint . . 
Flui^ ounce 

Cubic foot 
Cubie inch 



Litw^ .... 
Cubic centimetre 



DedgaUons 



*'50 

1-25 

•0625 
62*321 



2*204 



Septems 



10,000 
x,ooo 



2,500 
1,250 
62*5 

62,32! 
36*06 5; 

2,204*6 
2*i 



Orain-measiires 

70,000 
7,000 

»7,500 
8,750 
437*5 

436,247-4 
252*458 

15,432-6 
15-4 



Fig. 28. 



Oixe litre, or kilogfamme of water-measure, equals i "/6 pints, 
or 61*02^ cubic inches. One cubic centimetre, or gramme of 
wateiS-measure, equals *o6i cubic inch. 

One decigallon or pound of water-measure equals '453$ litre, 
or 45^$ cubic centimetres, or 0*0166 cubic 
foot, or 2772^ cubic inches, or i6fiuid oimces. 

Some measures are made to contain or deliver 
a drilfinite quantity of liquid. Others are gra- 
duated so that anj indefinite quantity delivered 
may be afterwards read off. A flat-bottomed 
and somewhat narrow-necked fla^, having a 
horizontal scratch across its neck marking the 
height to which it should be filled, forms a 
very convenient measure of the former kind 
(fig. 28). It is easy to select a couple of such 
flasks, which shall measure either a deci- 
gallon and half-decigallon respectively, or a 
litre aAd half-litre, &c., &c. A pipette of the form shown in fig. 29 
is also a vei^ useftd instrument of this class. It is filled by care- 
ftdly sucking up liquid to a level somewhat above the mark on its 
stem, and quickly closing its upper orifice by the finger. Then by 
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relaxing the pressure of the finger, the contained liquid is allowed 
to issue drop bj drop until its height corresponds exactly with the 
scratch, when the finger is again pressed 
^^*^ down ; after which, on removing the ^ig- 3o- 
finger, the measured quantity of liquid 
is allowed to flow out. A pipette of this 
kind is so constructed that when filled 
up to the mark on its stem it delivers 
exactly the indicated quantity of liquid, 
irrespective of what adheres to the inte- 
rior of its elongated bidb. The last drop 
should be gently blown out while the 
point of the pipette is in contact with 
the inside of the receiving vessel. It is 
well to have a couple of such pipettes 
delivering either loo septems and lo 
septems, or 50 and 5 cubic centimetres 
respectively. For measuring indefinite 
quantities a tall narrow cylinder (&g. 30), 
graduated into divisions of 10 septems, 
or 5 c. c. each, is most convenient. The 
ordinary ounce measures of the apothe- 
cary are very unsatisfactory instruments. 
Their graduation is seldom accurate and 
always difficult to read off exactly, on 
account of the expanded conical form of the glass. 
Where smaller quantities have to be delivered and 
their volumes afterwards noticed, a Bink^s burette or a 
graduated straight pipette may be employed. The 
burette (fig. $1 a) shoidd be held near its upper end, 
with its mouth guarded by the thumb or forefinger, and 
its beak pointed not directly but obliquely downwards, 
so that the side of the beak may be inclined to the 
horizontal plane at a somewhat acute angle. The 
orifice of the beak shoidd be well greased with tallow 
or spermaceti ointment, and any liquid remaining in it be sucked 
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Fig. 31. 



a 



down, both at the beginning and end of the experiment. More- 
over, the burette must always be allowed to stand at rest for a 
minute or two before observing the 
height of the contained liquid. The 
graduation shoidd be from above to 
below, as in the woodcut. 

The graduated pipette (fig. 31ft) is 
filled by suction, the contained liquid 
adjusted to a proper height, the quan- 
tity required allowed to flow out, and 
the level of the remainder finally read 
off. Inasmuch as the conical extremity 
of this kind of pipette rarely delivers 
its contents exactly, it is better not to 
have it included in the graduation. 
Whether the graduation of the pipette 
is firom above to below, or from below 
to above, does not much matter; for 
some purposes the one, and for some 
purposes the other mode being most 
convenient. 

In reading off the height of a liquid 
its upper surface should be brought as 
nearly as possible to a level with the 
eye. This surface in most liquids con- 
tained in glass vessels, will be found 
more or less deeply concave according 

to the diametric smallness of the column, &c. ; but, in all cases, 
the bottom of the curve is taken as the true level, and, in mea- 
suring definite quantities, must be made to coincide exactly with 
the mark. By right all measurements should be taken at 
mean temperature, namely, 15*5** C. (60® F.), but the expansions 
and contractions of aqueous liquids within the ordinary ranges 
of temperature are so slight that, in most cases, they may be 
safely disregarded. 

A pair of the best description of dispensing scales suspended 
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from a fixed support makes a veiy useful balance for ordinary 
work. A set of accurate grain weights ranging from 0*05, or 0*1 
grain to 1000 grains should be provided, and also a supplementarf 
short pan for taking specific gravities. The beam should turn 
freely by an addition of o' i grain, even when the pans are each 
loaded with a weight of twelve or fifteen hundred grains. It is 
well to employ habitually the left-hand pan for the substance, 
and the right-hand pan for the weights, which should be always 
handled by pincers, and not by the fingers. It is sometimes 
necessary to weigh out definite quantities of a substance such as 
20, 50, or 100 grains; but it is better in most cases to take an 
indefinite quantity and then ascertain its W€ight, exactly as in 
weighing any particular specimen, the resultant of an experim^it 
for instance. When taking the weight of an indefinite quantity, 
much time will be saved by trying the weights not at random 
but in a definite order, always taking in succession the wei^t 
next above or below in the series that particular weight which 
was last found too little or too much. 

It is convenient to provide counterpoises of sheet lead for 
balancing exactly the several watch-glasses, capsules, crucibles, 
bottles, &c., used for retaining a substance while being weighed ; 
or their respective weights may be ascertained and scratched upon 
them. When a definite quantity of substance has to be transferred 
from the watch-glass or capsule on which it has been weighed 
into some other vessel, the frequently adhering residue may be 
washed off by a jet of water, or be gently brushed off by a 
cameVs-hair pencil. But where an indefinite quantity has been 
taken, it is better to reweigh the watch-glass or capsule and to sub- 
tr?ict the weight of adhering residue from the original weight of 
^bst^nce. Or, what comes to the same thing, some portion of a 
weighed quantity may be transferred, and its amount ascertained 
^ by noticing the loss sustained by the originally weighed quaiiitity. 
Substances to be accurately weighed must always be £rst 
brought to ^n uniform condition of dryness, inasmuch as a greater 
or less degree of dryness may cause considerable variation in the 
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weight of a body at different times. The substance may be dried 
in vacuo over oil of vitriol, or in a water-bath, and its weight 
determined from time to time until it becomes constant ; or, in 
some cases, the substance may be heated at once to dull redness 
and thOTL weighed, — ^not, however, until thoroughly cooled, as by 
rerting the containing crucible on a piece of metal, for instance, 
otherwise an ascending cnrrent of heated air will be set up, 
which will diminish its apparent weight appreciably. Hygro- 
metric substances must be weighed in covered crucibles, or 
between a pair of ground watch-glasses held together by a clip, 
or in stoppered bottles made expressly for the purpose, or in short 
wide test tubes. They may be cooled imder a glass jar standing 
over oil of vitriol. 

(23.) By [^citic gravity is understood the weight of a unit of 
volume, or, what comes to the same thing, the comparative weights 
of equal bulks of different bodies. In this country water at the 
temperature of 1 5*5^ C. (60^ F.) is taken as the standard to which 
the fi^cific gravities of liquids and solids are usually referred, 
amd its ^. gr. considered either as 1*0 or 1000 according to cir- 
cumstances. 

In order to determine the specific gravity of a liquid, a small 
Hask or bottle of known weight is selected, which, when accu- 
rately filled to a certain point, contains a known weight of pure 
water at I5'5^. This fiask is filled with the liquid whose sp. gr. 
is required, and weighed, when, after deducting the known weight 
of the flaak, the residuary weight of contained liquid is compared 
with the known weight of the same bulk of water, according to 
the proportion : 

Wt. ofwftter W : ^. Qf liquid Ww sp. gr. of water : ep. gr. of ^q»id; 

that is, according to the equation, 

Sp. gr. <if. liqu«l = — ^^ — . 

Thus, supposing the fiask to be what is called a five-hundred 
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grain flask, but to contain in reality 4997 grains of water, and 
say 459*8 grains of proof spirit, then the sp. gr. of the spirit 

Specific gravity flasks or bottles are made of various shapes, 
one of the most convenient being that employed by Regnault and 
shown in ^g. 32 «, for which, however, any flat-bottomed narrow- 
necked flask may 
^>«- 3»- be substituted. It 

is to be filled up 
to the mark on its 
neck with the li- 
quid, previously 
brought to the 
temperature of 
15*5® by immer- 
sion in cooled or 
warmed water, and 
weighed. For tak- 
ing the specific 
gravities of very 
volatile liquids 
this kind of flask is provided with a solid stopper. The most 
usual form of sp. gr. flask is shown in ^g, 32 6 ; when used, it is 
nearly filled with the liquid to be examined, a tube thermometer 
introduced, and the whole placed in a vessel of cooled or warmed 
water tmtil the contained liquid has acquired a temperature of 
15*5®. The thermometer is then removed, and the flask filled 
to the brim with more of the liquid previously brought to mean 
temperature, the perforated stopper inserted, whereby the excess 
of liquid is thrust out, and the exterior of the flask thoroughly 
dried with a cloth, care being taken to avoid any communica- 
tion of heat from the hand or elsewhere. As a rule sp. gr. flasks 
should be made perfectly dry before being filled, and by preference 
be rinsed out with some of the liquid under examination. 
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Fig. jj. 



The hydrometer (Gg. 33) is useful for tAkiug the specific gravi- 
tiea of different liquide, where rapidity rather thou accuracy ot 
determination ia required. It is merely an upright float, weighted 
beloir, and hariog a narrow graduated stem above, ao as to sink 
to a greater or leei extent in liquids of different deoBities. 
Inaamnch as the bulk of any liquid displaced 
by a floating body is eqoal in weight to the 
floating body, it is obvious that equal weights of 
different liquids will differ in volume according 
to the depth to which the hydrometer sinks in 
them; or, in other words, the heights to which 
different liquids rise on the stem will be inversely 
aa their specific gravities. Some hydrometers, 
ihose used in the examination of urine, for in- 
stance, are so graduated that their degrees espreiis 
the specific gravities directly. But in commerce 
various artificial scales are preferred, that of 
Twaddell in particular being very generally uaed 
in this country. The degree of gravity marked 
on Twaddell's scale has to be multiplied by j, 
and the product added to 1000, to give the actual 
specific gravity. 

The most usual method of taking the specific 
gTavitrjr of a solid body heavier than water, con- 
sists in weighing it first iu air, or theoretically 
in a vacuum, and afterwards in pure water at 
I5'5, when the ratio of the difference in the 
wughings to the weight in air will give the sp. 
gr., according to the proportion : 

Dif.inwg». W—W : wl. in air JT : : sp. gr. of watar ; sp, gr. of -lolid ; 
that ia, according to the equation 

Sp. gr. of Bolid.- y'":' ^. 
For by a well-known principle in hydrostaticH, the apparent loss 
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Fig. J4. 



of weight which » body experiencea when unmerBed in a liqoid 
is identical with the weight of an equal bulk of that liquid.* 

In order to weigh a golid bodjr in water it must be attached by 
a horse-hair to the hook of the sp. gr. pan, as shown ia fig, 34, 
and luve its surface thoroughly wetted 
with a soil brush, so that, when immersed 
in the water, there shall be no adhering 
air bubbles. When the solid is soluble 
in water it must be immersed in alcohol, 
petroleum, OT some other liquid of which 
the specific gtsvi^ has been previously 
ascertained, and the calculation made as 
before, substituting the sp. gr. of the 
liquid employed for the ep. gr. of water. 
When the solid is lighter than water it 
must, aflier its weight in air has been 
taken, be attached to some heavy body 
sufficient to sink it, a piece of lead, for 
instance, and the weight of the solid 
and piece of lead in water and of the piece of lead alone in 
intet aacertmned. The weight of the volume of water displaced 
by the light solid will equal the weight of the light solid in . 
air W, plus the buoyancy it imparts to the immersed lead, as 
measured by the difference between the weight of the lead in 
water to, and the conjoint weight of the lead and light body in 
water v/. Hence we have the proportion : 

WtofwaterlT+iD— s/ : wtofsolidlT:: sp.gr.ofwater : sp. gr. of solid ; 




Sp, gr. of light solid = 



• Heljing on this principle, the specific gmvitiea of diffarent liquids 
may be sscertaiDed b; immeTaing some solid of known weight in each of 
them, sitd compsrijig the losses in weight which it experiences b; the 
npwttd preuures of the different liqnidi, equal in each instsnce to the 
wwg^t of the bulk of liquid displaced bj it 
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When the substance to be examined is in the pulverulent state, 
its specific gravity may be ascertained by means of a sp. gr. fiask. 
A quantity of the powder is introduced into the fiask and weighed. 
It is then thoroughly wetted with water or some other liquid, of 
which a further quantity is ailerwards added, so as to fill up the 
fiask to the mark on its neck ; when the weighing is repeated. 
The difierence between the weight of liquid which the fiask 
ordinarily holds, and the weight of liquid added to fill up the 
fiask after the introduction of the dry powder, gives the weight 
of the bulk of liquid displaced by the powder, the ratio of which 
to the weight of the powder gives the specific gravity. 
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CHAPTER IL 

ANALYTICAL CHEMISTRY. 

(24.) The object of this part of the course is to make the stadent 
practically acquainted with the chemical properties of such 
bodies as are of the most importance, and of the most common 
occurrence. 

Of all chemical compoimds, those known as salts will most 
frequently present themselves to his notice. 

Sulphate of iron and chloride of sodium may be taken as the 
types of simple salts. The sulphuric acid and chlorine are 
termed the electro-negative or acid constituents, or, more shortly, 
the acids ; the iron and sodium the electro-positive or basic con- 
stituents, or, more shortly, the bases. 

In testing the substances distributed for examination, each of 
which should contain but one basic and one acid constituent, the 
student may first of all confine himself to the bases; subse- 
quently he must examine both for bases and acids. He will have 
to pursue the fbllowing course of operations : — 

I. To examine the dry substance before the blowpipe. 
(Pars. 25 and 26.) 

IL To make a solution of the substance in water or acid. 
(Jhixs, 27 and 28.) 

UI. To ascertain to which group the base of his substance 
belongs. (Pars. 30, 35, and 41.) 

IV. To identify the particular member of the group with 
which he is dealing. (Tables I. H. and UI.) 
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y. To realise the special reactions described under the head of 
his particular base. 

VI. To identify the acid constituent of his substance. (Tables 
IV. and V.) 

Vn. To realise the special reactions described under the head 
of his particular acid. 

As regards V. and Vll., the student must remember that the 
simple discovery of the base and acid of his salt is of much less 
importance than the thorough verification of all their described 
properties. 

§ I.— BLOWPIPE EXAMINATION. 

(25.) A small shallow hole having been made on a piece of 
charcoal, the student should put into it a little of the substance 
imder examination, a piece about the size of a mustardnaeed, for 
instance, or as much powder as will rest on the point of a 
penknife. He must then heat the substance on its charcoal 
jnipport before the blowpipe, and notice what effects, if any, 
are produced. It is often advisable to moisten a pulverulent 
substance with water before submitting it to the blowpipe Bame, 
so as to make it cohere and remain on the charcoal. The sub- 
stance may also be heated with advantage in a subliming tube 
open at both ends ; whereby corroborative, and sometimes even 
primaiy, evidence of its composition is obtainable, especially when 
it happens to be wholly or partly volatile. In this way ammoniacal 
and sulphurous acid gases may be recognised by their respective 
smells ; deposits of acid or alkaline water, by their reaction to 
test-paper; and sublimates of sulphur, arsenic, mercury, and 
ammonium-salts, by their appearance and behaviour. 

The following are the most important general effects observ- 
able upon heating a substance on charcoal before the blowpipe. 

AU hydrated salts give off their water of crystallisation, some 
with intumescence, as borax; others with decrepitation, ^s 
gypsum. Many anhydrous salts also, as chloride of sodium, 
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for instance, decrepitate from the expulsion of water retained 
mechanicallj within their crystals. Most hydrated salts, when 
first heated, fuse in their water of crystallisation, and then solidify, 
whether or not susceptible of again fusing at a higher tempera- 
ture, (vide par. 26). 

Most compounds of the heavy metals become darker when 
heated, either permanently through decomposition, or temporarily 
through some altered relation to light. Zinc compoimds acquire 
a deep greenish-yellow by the action of heat, and peroxide of 
tin a pale brownish-yellow. 

Certain metallic compounds, more especially those of silver, 
lead, and bismuth, are quickly brought to the metallic state 
when heated on charcoal in the reducing blowpipe flame, (vide 
par. 26). 

Some substances, whether or not inflammable, leave a black 
carbonaceous residue, capable of being burnt away by prolonged 
ignition. This charring indicates the presence of organic matter, 
— ^an organic acid or base, for instance, either free or in com- 



bination. 

Many bodies evolve a more or less marked smell when heated. 
Thus sulphiu: and many sulphides give off sulphiurous anhydride. 
Tartaric and benzoic acids, and their respective salts, evolve 
characteristic empyreumatic odours. The fixed organic bases, 
and some salts of ammonia and organic bases, give off ammoniacal 
vapour ; while arsenic compounds, when in contact with ignited 
charcoal, give rise to a peculiar garlic-like smell. 

Sometimes the heated substance volatilises wholly or in 
great measure, usually with evolution of visible fumes, (vide 
par. 26). 

In & few cases the red-hot charcoal undergoes a rapid com- 
bustion where it comes in contact with the heated compound. 
This deflagration indicates the probable presence of a nitrate or 
chlorate. 

(26.) As regards their more special behaviour before the 
blowpipe, metallic compounds may be classified into those which 
are volatile (a), those which leave a white permanently fusible 
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residue (/3), those vhich leave a white > infusible residue (7), 
those which are reducible to the metallic state {d), and those 
which give a colouration to the borax bead (e), as shown in the 
following scheme : — 
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a. Volatile 


p. White and 
Fusible 


y. White and 
Infusible 


i, Beducible 


c. Colour bovaz 
bead 


Ammonium ^ 
Meboury 
Salts 

Oxides 
Sulphides 

Ahtimont 
Terozide 

QXAUO ACID 


Sodium 
Potassium 
Salts 

Calcium 

Strontium 

Barium 

Chlorides 

Colour bloW' 
pipe/lame, ^ 


Zinc ^ 

Aluminum 

Magnesium 

Caixtium I 
Strontium 
Barium 
Salts 

Snjac ^ 

Stannic 

> 

Anttmonic 
Oxides 


RHiYEB 

Tin 

Lead "^ 

Bismuth 

Antimont 

Cadmium 

OtveincruS' 
UUioM, 

Zmcy 

MERGURTa 

ABflENICa 

Coffer c 


Chromium ^ 
Oreen 

Manganese 
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o. The ordinary compoimds of ammonium and mercury 
are readily volatile. Phosphate of ammonium, however, leaves 
a fused residue of phosphoric acid, which requires a strong 
heat for its dissipation. The oxides and sulphides of arsenic 
also are readily volatile ; the teroxide of antimony somewhat 
less so. Oxalic acid melts and effervesces during its disappear- 
ance without furnishing much incrustation. The compounds of 
mercury, arsenic, and antimony, and many ammonimn-salts, 
deposit incrustations or sublimates upon the cold part of the 
charcoal. Similar sublimates are procurable by heating the sub- 
stance in a sealed or open subliming tube. 

The various bodies which volatilise when heated on charcoal 
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may often be satis&ctorily identified by a few rough tests, such 
as the following : — 

Ammonium salts, when warmed with potash, evolve ammonia, 
recognisable by its odour and alkaline reaction. Mercury 
salts, save the black and red sulphide, are turned black by 
sulphide of ammonium. Mixed with a large excess of car- 
bonate of sodium, and heated in a reduction tube, they afford 
a sublimate of mercurial globules. The oxides (white) and 
sulphides (orange or yellow) of arsenic dissolve in sulphide of 
ammonium to form a yellowish liquid, which on evaporation to 
drymess leaves a bright yellow residue. Mixed with soda-flux, 
and heated in a reduction tube, they furnish sublimed crusts 
of metallic arsenic. Teroxide of antimony dissolves in sul- 
phide of ammonium, and the liquid, when evaporated down, 
leaves a deep orange residue. It is, moreover, easily reducible 
before the blowpipe (<^). Oxalic acid, when moistened with 
water, manifests a strongly acid reaction, and effervesces with 
peroxide of manganese. 

/3. The ordinary salts of sodium and potassium fuse at 
a red heat, many of them into almost watery liquids, which are 
absorbed by the porous charcoal. During their ignition, the salts 
of sodium impart a bright yellow, and those of potassium a violet 
colouration to the blowpipe flame. These colours are best seen by 
taking up a minute quantity of the salt upon the end of a platinum 
wire, and heating it at the point of the blowpipe' flame. When 
a potassium salt is contaminated with even a small proportion of 
any sodium salt, the violet colour of its flame is liable to be 
concealed by the strong yellow colour which the sodium salt 
produces. But the proper potassium colour may be readily seen 
by looking at the flame through a piece of smalt glass, which cuts 
off the yellow sodium rays. 

Unlike most salts of the alkaline earth-metals, the chlorides of 
calcium, strontium, and barium are fusible in the blowpipe 
flame. That of calcium ftises very readily, but the other two 
chlorides are much lean readily fusible than are the majority of 
sodium and potassium salts. When strongly ignited on fine 
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|>Iatiniim wire, chloride of barium imparts to the blowpipe flame 
a marked apple green, chloride of strontiam a deep crimson, and 
chloride of calcimn an orange-red colour. The platinum wire 
used for testing bj the blowpipe flame should be moderately 
thin, to allow of its being strongly heated. It may be held 
directly in the fingers, platinum being a bad conductor of heat. 
Should the end to be used impart any colour to the flame, from 
contamination either with soda, derived from the perspiration of 
the fingers, or with the residues of former experiments, it must 
be alternately dipped in hydrochloric acid, and strongly heated 
in the blowpipe fiame until all colouration ceases to appear. 

The chlorides of the alkaline earth-metals, and most salts 
of the alkali metals, fuse into colourless transparent liquids, 
whereby they are distinguished from the fusible compounds of 
the heavy metals, which yield coloured or opaque beads. More* 
over, the temporary melting of hydrated salts in their water 
of crystallisation must not be confounded with the permanent 
fusion at a red heat which characterises the above-mentioned 
classes of salts. 

y. Compounds of zinc, aluminum, and magnesium, with 
nearly all calcium, strontium, and barium salts, whether 
or not undergoing a preliminary aqueous fusion, leave after 
strong ignition a white infusible residue; while the stannic, 
silicic, and antimonic oxides are from the first infusible. 
During strong ignition the aluminum residue manifests an in- 
tense white incandescence, the zinc residue a deep greenish- 
yellow, and the stannic and antimonic oxides a pale brownish- 
yellow colour. In any case the white or yellowish-white in- 
fusible residue may be moistened with solution of nitrate of cobalt, 
and again strongly heated, whereby characteristic colourations 
are produced with compounds of zinc, aluminum, and magne- 
sium, and less definite colourations with the remainder. The 
zinc residue acquires a fine green, the aluminum residue a 
bright blue, and the magnesium residue a very faint pink 
colour. When the residue is pulverulent, it may be moistened 
with sulphuric acid and le-ignited before being heated with 
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nitrate of cobalt, more especially in order to bring out the 
magnesian colour. It must be borne in mind that nitrate of 
cobalt also imparts a blue colour to many fused phosphates, 
borates, and silicates, which, however cannot be confounded with 
the blue given to an infusible aluminum residue. 

The other infusible residues receive a less distinct colour by 
ignition with nitrate of cobalt, those of calcium and strontium 
becoming grey, that of barium reddish-grey, those of the stannic 
and silicic anhydrides bluish-grey, and that of antimony greenish- 
grey ; but these substances may be further distinguished by other 
means, — calcium, strontium, and barium by their tinting the 
blowpipe flame, — antimony and tin by their reducibility, the 
former with, and the latter without, any incrustation (^), — and 
silica by its behaviour with fused carbonate of sodium. In order 
to test an infusible compoimd for calcium, strontium, or 
barium, a small quantity, taken up on the end of a fine pla- 
tinum wire, should be moistened with hydrochloric acid, and 
ignited for some time in the hottest part of the blowpipe fiame, 
when the characteristic colour due to the volatilisation of each 
metal will be clearly brought out, save indeed with their respec- 
tive sulphates. Silica may be identified by making a small 
loop at the end of a platinum wire, and fusing upon it a minute 
quantity of carbonate of sodium, which will thus form a white 
bead, transparent when hot, opaque when cold : in this fused 
bead, silica, when strongly heated, will dissolve with effer- 
vescence, and, if in sufiicient quantity, render it permanently 
transparent. 

3. C!ompounds of silver, tin, lead, bismuth, antimony, 
and cadmium, often assume the metallic state, or produce 
characteristic incrustations, when merely heated on charcoal in 
the reducing blowpipe fiame ; but their behaviour when heated 
with a flux of carbonate of sodium, mixed or not with cyanide of 
potassium, is more satisfactory. Carbonate of sodimn alone will 
answer the purpose, but the addition thereto of one-fourth of its 
weight of cyanide of potassium often assists the reduction very 
greatly, and is not in any case disadvantageous, save when the 
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specimen itself deflagrates upon charcoal from the presence of a 
nitrate or chlorate, in which case a slight explosion results from 
the reaction of the cjanide and oxisalt. 

The specimen having been intimately mixed with five or six 
times its bulk of flux, a small portion of the resulting powder, 
sometimes moistened with water so as to make it cohere, is heated 
strongly on charcoal. The mixed mass should fuse readily 
before the blowpipe, so that any minute globules of reduced 
metal may nm together. If not readily fusible, a fresh mixture 
must be taken with a larger proportion of flux. "When the 
reduced metal volatilises at the temperature employed, its vapour 
becomes oxidised outside the flame, and is deposited upon the 
charcoal as a more or less abundant, white or coloured, incrusta- 
tion. Silver gives no incrustation, and tin scarcely any: lead 
gives a yellow, and bismuth a brownish-yellow, incrustation; 
while antimony gives an abundant easily volatile bluish-white, 
and cadmium a comparatively fixed brown-red incrustation. 
Metallic antimony vaporises rapidly ; while cadmium is so vola- 
tile that its reduction and vaporisation are simultaneous, where- 
fore no globule, but only an incrustation, is producible with it. 
Zinc compounds, heated with reducing flux, behave in this 
respect like cadmium, furnishing no globule of metal, but only 
an incrustation, which is yellow when hot, white when cold ; but 
zinc will have been previously detected by its reaction with 
nitrate of cobalt (y). Reduced arsenic and mercury are so 
volatile that they can only be obtained in the form of sublimates 
by performing the reduction in tubes as already described (a). 

The different metals usually identified by their reduction on 
charcoal, exhibit the following characters: — Silver yields a 
bead of white, moderately hard and malleable metal, with no 
incrustation. Tin, which is less easily reducible, yields a bead 
of white malleable metal, softer than silver, with very slight, if 
any, incrustation. Lead yields a bead of soft bluish-white 
metal, with yellow incrustation; bismuth, a bead of brittle 
yellowish-white metal, with brownish-yellow incrustation ; anti- 
mony, a bead of brittle bluish-white metal, with an abundant 
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bluish-white incrustation ; and cadmium, no metallic bead, but 
only a reddish-brown incrustation. 

In addition, copper, iron, nickel, and cobalt are reducible, 
though they do not afford incrustations, and are not easily 
obtainable in the form of beads. But on crushing the fused 
mass in a mortar, and washing away the lighter portions, copper 
may often be recognised in the form of red spangles, and iron, 
nickel, and cobalt as heavy powders affected by the magnet. 

e. Compoimds of those metals which tinge the borax bead 
usually leave dark-coloured infusible residues when heated alone 
on charcoal. In testing by the borax bead, a piece of platinum 
wire is bent into a single or double loop, as shown of the actual 

size in fig. 35, the loop dipped into powdered 
Fig. 35. borax, and the adhering borax heated to red- 

?^S> ness, when it first tmdergoes a highly chaxac- 
1^ teristic intumescence, and afterwards, when 
more strongly heated, sinks into a colourless 
transparent bead. To this bead is then at- 
tached a minute quantity of the substance 
under examination, and the whole strongly 
heated in the blowpipe flame, when in some 
cases the fused bead dissolves the specimen, 
and thereby acquires a more or less definite 
colour, the depth of which may be increased 
by adding more of the specimen and again 
heating strongly. 

The metals iron and copper, which form 
two classes of salts, also form beads of two 
colours. Thus in the oxidising fiame we 
have a blue cupric and a yellow-brown ferric bead, while in the 
reducing fiame we have a cuprous bead of an almost colourless 
or opaque reddish aspect, and a ferrous bead of a sea-green 
colour. The chromium bead has an emerald green, and the 
cobalt bead a sapphire blue colour. Manganese, when free 
from iron, imparts an amethystine tint, and nickel a deep sherry 
hue, which becomes amethystine wl^en the bead is heated with a 
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fragment of nitre. The borax may be replaced bj microcosmic 
fialt, or even by ordinary glass. In these several reagents we 
have, after ignition, an excess of melted boric, phosphoric, or 
silicic anhydride, which at the temperature of the blowpipe 
£ame combines with the various metallic oxides to form coloured 
fusible salts. 



§ IL— SOLUTION AND PRECIPITATION. 

(27.) Having made his examination in the dry way, by means 
of the blowpipe, the student must next bring his substance, by 
some means or other, into a state of solution, so that he may 
submit it to the action of liquid reagents. As a general rule, 
the substance to be dissolved should be in a finely divided state. 
This is particularly necessary in the case of bodies which are 
with difiiculty soluble, such as many native oxides, sulphides, 
&c. Any substance having a decided colour, a hard structure, 
and an opaque aspect, whether earthy or lustrous, ought always 
to be pulverised very finely before being treated with solvents. 
The solution of the body under examination should be effected 
by preference in water ; but, if insoluble in water, it may be 
acted upon with hydrochloric acid, or with nitro-muriatic acid, 
or with nitric acid. 

A small portion of the powdered substance is to be placed in a 
test-tube, a moderate quantity of water* added, the whole 
agitated, and heated over a spirit or gas-ilame. While heating, 
the tube should receive an occasional jerk, to facilitate mixture 
and avoid the sudden escape of vapour. If the substance, by 
this treatment, is obviously dissolved, the clear solution, filtered 
if necessary fix)m any insoluble portions, can be submitted at 
once to the action of reagents. If the substance, however, is 
not obviously dissolved, a few drops of the liquid may be filtered 
on to a glass slip and gently evaporated to dryness. Should any 

^ By water is always meant pure or distilled water; but dean rain water 
may sometimes "be employed as 4 fnbstitate. 
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definite amotmt of residue remain upon the glass, the whole mix* 
ture must be thrown upon a filter, and the tests applied to the 
clear filtrate. There are many substances which, imless taken in 
very small quantity, do not disappear perceptibly when boiled in 
water, but yet are sufiiciently soluble to afford an aqueous solu- 
tion that can be successfully tested. Shoidd a mere trace of 
residue, or none at all, be left upon the glass slip, as much of the 
water as possible is to be poured away from the insoluble sub- 
stance, and replaced little by little with hydrochloric acid, 
warming between each addition. Should any obvious action 
occur, more hydrochloric add may be added, if necessary, and 
the whole heated for some time tmtil an available solution is 
formed. Shoidd there be no obvious action, nitric acid must 
be added in the proportion of about one-fourth of the hydro- 
chloric acid previously used, and heat again applied. By one or 
other of these means a solution will generally be effected. There 
are, indeed, a few substances which dissolve in nitric, but neither 
in hydrochloric nor in nitro-hydrochloric acid. There are also 
some substances which are quite insoluble in any ordinary men- 
struimi; the consideration of these, however, is deferred for the 
present The solution of the substance, whether in water or 
acid, to which no reagent has been added, is called in the tables 
and elsewhere the original solution. The fi:eshly-made acid solu- 
tion shoidd generally be diluted somewhat freely with water, and 
filtered if necessary. The acidity, neutrality, or alkalinity of tlie 
aqueous solution should be ascertained by means of test-paper. 

(2S.) Different reagents are next to be added to the original 
solution in the order and manner described in paragraphs 30, 35, 
and 41, and in the Tables I. 11. III. and Y. These reagents 
produce in the solution certain effects, which are characteristic of 
the various substances dissolved. The effect most usually pro- 
duced by a liquid reagent is to cause a precipitate or solid deposit 
of some insoluble compound of the substance sought for. Hence 
the formation or non-formation of a particular precipitate usually 
proves the presence or absence of a particular base or acid in the 
solution under examination. Precipitates differ much in their 
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colour, consistency, rapidity of formation, and solubility in 
different liquids, whence the student must make himself &miliar 
with their rarious aspects and habitudes. As regards aspect, he 
must notice whether a precipitate is dense, crystalline, clotty, 
gelatinous, opaque, transparent, coloured or colourless, <&c. As 
regards habitude, he will find that crystalline precipitates, unless 
thrown down from concentrated solutions, do not usually appear 
at once, but only after some little time. Their immediate for- 
mation, however, may be often determined by rubbing the liquid 
against the inside of the containing vessel with a glass rod. 
Again, many precipitates are characterised by their solubility in 
an excess of the precipitant, or in some other reagent. 

Beagents and solvents should always be added gradually, 
except when special direction is given to the contrary. This 
role is of great importance, and applies equally to the formation 
and solution of precipitates; in the latter case, the mixture 
should be agitated between each addition of the solvent. Many 
characteristic effects are occasionally overlooked through a neglect 
of this rule. The student must also bear in mind, when directed 
to employ an excess of any particular reagent or solvent, that 
every minute quantity more than sufiicient to produce the desired 
effect is an excess. 

In the tables, the word dissolved placed at the head of a column 
signifies either that the substances written under it have not been 
precipitated at all, or that, having been precipitated, they are now 
redissolved by an excess of the reagent, in any case that they 
remain in solution. 
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(29.) The bases are divided into three principal groups, as 
follows : — 
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The first object of the student must be to ascertain the group 
to which the base of the salt under his examination belongs. 

The members of the first group are precipitated from their acid 
solutions by sulphydric acid. The members of the second group 
are not precipitated from their acid solutions bj sulphydric 
acid, but are precipitated from their neutral solutions bj sulphide 
of ammonium. The members of the third group are precipitated 
neither by sulphydric acid nor by sulphide of ammonium. 

Having ascertained to which particular group the base of his 
salt belongs, he will proceed according to the directions of the 
table pertaining to that group, in order to identify the individual 
member thereof with which he is dealing. Should, therefore, 
sulphydric acid produce a precipitate, in an acidified solu- 
tion, the student will proceed according to Table I. Should it 
produce no obvious precipitate, he will render the solution nearly 
neutral by ammonia, and then add sulphide of ammonium. Should 
this reagent produce a precipitate he will proceed according to 
Table U. Should no precipitate be produced by either of the 
above reagents, he will proceed according to Table III. 
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S m.— EXAMINATION FOR BASES OF GROUP I. 

(30.) To recognise the presence of some member of this group 
by means of sulphuretted hydrogen or sulphydric acid, the 
solution to be tested should be moderately acid. In solutions 
which are too acid, sulphuretted hydrogen may not give any 
precipitate, despite the presence of a member of the group ; and 
in solutions which are neutral or alkaline, it may give a precipi- 
tate even in the absence of every member of the group ; inasmuch 
as sulphuretted hydrogen precipitates some members of the second 
group from their neutral or alkaline solutions. 

Aqueous Solutions. These must consequently be acidulated 
before being treated with sulphuretted hydrogen. A few drops 
of either nitric or hydrochloric acid will answer the purpose, but 
the use of the latter acid is generally preferable. The addition 
of hydrochloric acid, however, sometimes produces a permanent 
white precipitate, in which case the presence of silver, or lead, 
or mercury is indicated. Solutions of silver invariably yield a 
precipitate with hydrochloric acid, solutions of lead and mercury 
only under certain conditions. But in the event of hydrochloric, 
acid producing a precipitate^ it will suffice for the student to 
distinguish between the above three metals, without following 
out the directions of the general table for the group (page 68.) 

The Silver precipitate is soluble in excess of ammonia. 

The Mercury precipitate is turned black by excess of ammonia. 

The Lead precipitate is unaffected by ammonia, but is soluble 
in boiling water; and, on cooling, is deposited therefrom in 
crystalline needles. 

These three precipitates are blackened by sulphuretted hydro- 
gen, and are not produced by nitric acid, properties distinguishing 
them from all other precipitates which hydrochloric acid occasion- 
ally produces. 

The acidification of a solution of tartar-emetic, with either 
hydrochloric or nitric acid, is attended with the production of a 
white turbidity, which, however, disappears on gently warmif^g 



66 EXAMINATION FOR BASIC GfiOUPS. 

the liquid with a little more acid. Moreover, the acidification, 
by either hydrochloric or nitric acid, of various alkaline solutions, 
not unfrequently gives rise to whitish precipitates, which some- 
times disappear in an excess of acid, and, at other times, remain. 
Among those which are permanent, the principal are sulphur, 
from the decomposition of an alkaline persulphide, &c. ; silica, 
from the decomposition of an alkaline silicate; and boric acid 
from the decomposition of an alkaline borate ; but this last pre- 
cipitate is readily soluble in boiling water. 

Solutions in Acid. When the solution of the original sub- 
stance has been made in an acid, it is important to get rid of any 
great excess of acid ; or, at any rate, to reduce its activity. 

a. By mere dilution with water. It is generally ad- 
visable to dilute somewhat considerably solutions which have 
been made by means of an acid. 

/?. By evaporation. The solution may be evaporated 
down to a small bulk, and then be diluted with water. This 
process is especially necessary when the solution has been made 
with nitro-muriatic acid. 

y. By neutralisation with ammonia. When a large 
quantity of acid has been employed to effect the solution of a 
substance, it is occasionally usefiQ to neutralise some of the excess 
of acid with ammonia. 

The acid solution of the substance, whether or not evaporated 
doAvn, or partly neutralised, should, after dilution with water, 
be perfectly bright. If not bright, it must be rendered so by 
filtration. 

The addition of water to an acid solution sometimes produces 
an obvious white precipitate, in which case the dilution should be 
very slight or be dispensed with altogether. The formation of a 
white precipitate on the addition of water indicates the presence 
of Antimony or Bismuth. The precipitate produced in solutions 
of the former metal is dissolved by tartaric acid and turned of an 
orange colour by sulphuretted hydrc^en ; while that produced in 
solutions of the latter metal is not dissolved by tartaric acid, and 
is turned black by sulphuretted hydrogen. Water does not 
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invariably cause a precipitate in solutions containing antimony 
or bismuth, but in the event of a precipitate being produced, it 
will suffice to distinguish between the above two metals without 
proceeding according to the general table for the group (page 68). 

The acidified solution of the substance in water, or the diluted 
solution of the substance in acid, is to be treated with sulphuret^ 
ted hydrogen. It may be sufficient to add sulphuretted hydrogen 
water to the solution, but it is always preferable to use a current 
of the gas itself. The production of a coloured precipitate is 
indicative of the presence of some member of the first group ; in 
which case, the gas should be passed into the liquid until it smells 
permanently even after agitation. A little water should next be 
added, and the whole well shaken or stirred, to promote the 
subsequent subsidence of the precipitate, which, on setting the 
tube aside for a few minutes, will soon collect at the bottom. 
The supernatant liquid may then be poured off, and the pre- 
cipitate treated according to the directions of Table I. /?. 

Sulphuretted hydrogen, when added to certain solutions, not 
containing any member of the first group, sometimes produces a 
more or less considerable yellowish-white turbidity, due to a 
liberation of finely divided sulphur, effected by some per- oxidated 
or per-chlorinetted compound, thus : 

H,S + Cla = 2HCI + S. 

In yellow solutions, this white turbidity often appears decidedly 
yellow, from the colour of the liquid through which it is seen. 
When, simultaneously with the liberation of sulphur, a brownish- 
yellow solution becomes paler or colourless, the presence of a 
per- salt of iron may be generally inferred; but when it be- 
comes of a marked green colour the presence of chromic acid 
is indicated. 
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Table I. 

(31.) Examinaticn of a Bolution contaming some one member 
of the firat group; namely, Tin, Arsenic, Antihont, Bishitth, 
Silver. Mebcurv Lead, Copper, or CADtnuu; all of which 
metale are precipiiatod from their acid Bolutiona by Sulphuretted 
hydrogen gaa (a), or its solution in water. 



B. Having treatpd the nCFt loo acid solution of the substance with axcesB 
of sulphuretted hydmEPn. and poured off or filtered off the Bupematant 
liquid, warm the prcclpitatB wiln some solution oi Siiiphide of Jmnwnwtn. 
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Strong hydrochloric acid at a boiling temperature has no 
action on the sulphides of arsenic and mercury. It conrerts the 
sulphides of sUyer and lead into their insoluble or sparingly 
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soluble chlorides, and dissolves the remaining sulphides of the 
. group with greater or less fecility. 

(33.) B. The disulphide of tin, and the trisulphides of arsenic 
and antimony, unite with the sulphides of alkali-metal to form 
soluble sulphur-salts corresponding to the well-known oxygen 
salts, thus : 

Ammooiam solpho-salte. 
(NH4),S.SnS, « (NH4)aSnS3 

3(NH4)aS.SbaS3 - 2(NH,)3SbS3. 

Hence these sulphides are distinguished from the remainder 
by their solubility in sulphide of ammoniumJ* Protosulphide of 
tin is not soluble in pure colourless sulphide or sulphydrate 
of ammonium ; but it is soluble in the ordinary yellow solution 
of the persulphide, whereby it becomes conrerted into the above- 
described compound of disulphide of tin, thus : 

(NHJA + ^nS - (NH4),S.g'iS, or (NH4)aSnS3. 

On the addition of hydrochloric acid to any of these sulpho- 
salts, they are decomposed with reprecipitation of their respective 
sulphides, thus: 

(NH4)aS.SnS, + 2HCI = HaS + SnS, + aNH^Cl 
3(NH4),S.ASaS3 + 6HC1 = aH^S + ABaS3 + 6NH4CI. 

It is advisable not to dissolve the sulphides of this sub-section 
in an unnecessarily large quantity of yellow sulphide of am- 
monium, lest the subsequent addition of hydrochloric acid should 
separate so great a quantity of whitish sulphur as to conceal the 
colour of the reprecipitated sulphides. 

y. Sulphide of arsenic is distinguishable from the sulphides of 
tin and antimony by its insolubility even in boiling hydrochloric 
acid ; and by its solubility in a warm solution of sesquicarbonate 
of ammonia. 

* Sulphide of copper is quite insoluble in the sulphides of sodium and 
potassium; but is slightly soluble in sulphide of ammonium, especially 
when it contains, as it usually does, some free ammonia. 
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Sulphide of antimony and persulpbide of tin are distinguishable 
from one another by their difference in colour. When pure they 
dissolve completely in hydrochloric acid ; but as usually obtained 
they often contain excess of sulphur, which remains undissolved. 
Upon evaporating down their hydrochloric acid solutions to a 
small bulk, stannic and antimonious chlorides are obtained respect- 
ively. The former chloride does not have its transparency affected 
by dilution, neither does the diluted liquid yield any deposit upon 
a sur&ce of metallic tin : and again, an acid solution of chloride 
of tin, in which a small fragment of zinc has been dissolved, gives 
with corrosive sublimate a white precipitate of calomel, gradually 
becoming grey from its conversion into metallic mercury (vide 
par. 34). 

The latter chloride is generally rendered opaque by diluting 
its solution, which again becomes clear on the addition of tartaric 
acid ; while the diluted liquid yields an abundant black deposit of 
pulverulent antimony upon a surface of metallic tin. Moreover, 
chloride of antimony reacts satisfactorily when examined by 
Marsh's or Reinsch's process. 

Solid compounds of arsenic are most readily recognised by the 
reduction test (vide par. 66). 

(34.) 3. Potash reacts with the salts belonging to the second 
section of this group, to precipitate the hydrated oxides of the 
respective metals, thus : 

2AgCl + 2KHO = 2KCI + Ag,0 . H,0 
2Bi"Cl3 + 6KH0 =- 6KC1 + Bi^^.^Kfi. 

The hydrated oxides of mercury, lead, copper, and cadmium are 
produced according to the following general equation : 

MTCla + 2KHO = 2KOI + MO.H,0. 

Hydrate of lead is soluble in excess of potash ; the hydrates of 
silver, copper and cadmium are soluble in excess of ammonia ; 
while those of bismuth and mercury are insoluble in either reagent. 
Independently of their behaviour with sulphuretted Tiydrbgen and 
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caustic alkalis, the metals of this sub-section of the first group are 
characterised by the following reactions. 

Bismuth solutions, unless too acid, when thej must first be 
evaporated down, yield an opaque white precipitate on the 
addition of watery due to the formation of some insoluble basic 
salt, thus : 

Bi'&lj + H,0 - 2HCI + Bfoa 

Bi(N03), ^. HaO = 2HNO3 + BiO.N03 op 4(31,03.^,05). 

These basic salts of bismuth are insoluble in tartaric acid, and 
are blackened by sulphuretted hydrogen or sulphide of ammo- 
niimi. 

Mercury solutions yield with protochloride of tin a white 
precipitate becoming grey spontaneously, or more rapidly on the 
.application of heat. The white precipitate is calomel, which is 
formed firom mercurous salts by double decomposition, thus : 

2HgN03 + SnCl, = aHgCl + Sn(N03), or SnO.N.O,. 

But it is formed from mercuric salts by reduction, thus: 

aHgQa + SiTCl, ^ - iHgCl + SntJl^ 

The grey deposit consists of finely divided metallic mercury, 
produced by an abstraction of chlorine from the calomel first 
precipitated : 

2Hga + SnCl, « Hga + Sn&l^. 

This grey deposit, when boiled with hydrochloric acid, acquires 
the characteristic appearance of globules of mercury. 

Lead solutions yield with sulphuric acid, or soluble sulphates, 
a white precipitate of sulphate of lead, insoluble in cold nitric or 
hydrochloric acid : 

^b(N03), + HaSO^ « 2HNO3 + il^bSO^ op Pb0.S03. 
The precipitate is distinguished firom the similar precipitate 
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produced with barium- and strontium- salts, by its solubility in 
excess of potash, by its solubility in boiling hydrochloric acid, 
and by its becoming blackened by sulphuretted hydrogen or sul- 
phide of ammonium. 

Silver solutions yield with hydrochloric acid or soluble 
chlorides a white clotty precipitate of chloride of silver : 

AgNOj + Ha « HNO3 + AgCl. 

The precipitate is soluble in ammonia, but insoluble in the 
strongest nitric acid, even when boiling. It is turned of a slate- 
purple colour by exposure to light. 

Copper solutions, even when very dilute, give with ferrocyO' 
nide of potassium a chocolate-red precipitate of ferrocyanide of 
copper, or of ferrocyanide of copper and potassium, thus : 

The precipitate is turned of a pale blue colour by potash, and 
is then readily soluble in ammonia, forming a deep purple coloured 
liquid, by which properties it is distinguished from the similarly 
coloured ferrocyanide of uraniimi. 

Cadmium solutions are specially recognised by the bright 
yellow colour and insolubility in sulphide of ammonium, of the 
precipitated sulphide of cadmium CdS, produced by sulphuretted 
hydrogen or sulphide of ammonium. Of all the sulphides of the 
first group of metals, sulphide of cadmiimi is the one most readily 
soluble in acids. Cadmium-salts, moreover, are readily identified 
by their behaviour before the blowpipe. 



§ IV.— EXAMINATION FOR BASES OF GROUP IL 

(35.) The members of this group are precipitated by sulphide 
or sulphydrate of ammonium^ but are not precipitated firom their 
acidified solutions by sulphuretted hydrogen. Inasmuch as sul- 
phide of ammonium also precipitates most of the metals of the 
first group, their absence must be ascertained by the non-produc- 
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tion of a precipitate with sulphuretted hydrogen, before the 
reaction with sulphide of ammonium can be depended on as a 
general test for members of the second group. 

The solution to be tested with sulphide of ammonium should 
be nearly neutral, but it may be slightly alkaline, or slightly 
acid without disadvantage. It must not, however, be decidedly 
acid ; for if so, there may not only be no precipitate produced 
when some member of the group is present, but, owing to a 
customary impurity in the reagent, there may even be a preci- 
pitate produced when every member of the group is absent. 
This last occurrence is consequent upon a deposition of sulphur 
from the mutual decomposition of the acid solution and the 
reagent, quite irrespective of the presence of any metal. Pure 
colourless sulphide or sulphydrate of ammonium, indeed, is not 
precipitated by mere acid solutions ; but the yellow persulphide 
of ammonium, into which it becomes gradually converted, is 
decomposed by all acid liquids with precipitation of sulphur, 
thus : 

2HCI + (NH^)^ = 2NH4CI + H,S + S. 

The aqueous solution of a salt may be examined for members of 
the second group, by adding sulphide of ammonium at once ; but 
a solution of the salt in acid must be rendered neutral, or nearly 
neutral, with ammonia before applying the test. The addition of 
even an excess of ammonia to the acid liquid is no disadvantage. 
It will sometimes, indeed, produce a precipitate, but the formation 
of a precipitate by ammonia, equally with the formation of a 
precipitate by sulphide of ammonium, indicates the presence of 
a member of the second group ; though the non-production of a 
precipitate by ammonia does not prove the absence of all mem- 
bers of the group. The precipitate produced by ammonia 
generally differs in its character, and frequently in its appearance, 
from that produced by sulphide of ammonium, but the formation 
of a precipitate by ammonia will not interfere with the action of 
the more characteristic reagent for the group. 
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The acidulous solution of the substance which has been tested 
with sulphuretted hydrogen, but which has not yielded any pre- 
cipitate therewith, may be examined for members of the second 
group by treatment with ammonia. In this case, one portion of 
the ammonia neutralises the excess of acid, while another portion 
combines with the sulphuretted hydrogen to form sulphide or 
sulphydrate of ammonium, which serves to precipitate any mem- 
ber of the group, thus : 

H,S + aNHa « (NH4),S. 

There are certain salts of barium, strontium, calcium, and 
magnesium which do not dissolve in water, but which are readily 
soluble in dilute mineral acids — nitric or hydrochloric, for in- 
stance — without, at the same time, undergoing any obvious 
decomposition. Hence, when such an acid solution is neutralised 
by ammonia, or by sulphide of ammonium, the salts are repreci- 
pitated in their original condition ; so that, although the alkaline 
earths strictly belong to the third group, they are occasionally 
precipitated along with the proper members of the second. These 
salts are principally the fluoride of calcium — the oxalates 
of calcium, strontium, and barium — and the phosphates 
of magnesium, calcium, strontium, and barium. In 
Table 11. they are referred to imder the general term of earthy 
salts ; and the mode of distinguishing them from one another is 
described in pax. 59. 
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Table n. 

(36.) Examination of a solution containing some one member 
of the second group of bases ; namely, Nickel, Cobalt, Manga- 
nese, Iron, Chromium, Aluminum, or Zinc ; all of which bodies 
are precipitated by Sulphide of Ammonium (a), from their neutral, 
or nearly neutral, solutions.* 



$. Add gradually a considerable excess of aqueous Potash to a portion of 
the original solution. In any case a precipitate will be formed, which may 
either remain or be redissolved. 



Undissolved 
KiCKEL, pale green. 
Cobalt, pale blue. 
Manganese, white, becoming brown. 
Ibon, olive-green, black, or red. 
Eabtht Salts, white. 

7. Add to a fresh portion of the 
original solution, some Chloride of 
ammonium and an excess of Am- 
monia, 



Precipitated 

Ibon, red 

Eabtht Salts, 
white. 



Dissolved 

Nickel, blue. 

Cobalt, brownish 
pink. 

Manganese, co- 
lourless, speedily 
becoming brown 
and turbid. 



Dissolved 
Chbome, green. 
ALUiaNXTM, white. 
Zinc, white. 



S. Boil the potash solution for 
some time. 




IXssolved 
Aluminum. 
Zinc 

To the potash solution 



/^ 



c. Add 
a few drops 
of Sulphide 
of Ammo- 



mum. 



Zinc 



C Add 

excess of 

Chloride of 

AmiTumiurru 



Precipitated Precipitated 



Aluminum. 



♦ To work successfully, the student must supplement the brief directions 
of the different tables, and more especially of this table, by the explanations 
and limitations of the succeeding letterpress. 
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(37.) a. Sulphide of ammonium reacts with salts pertaining to 
this group, to form precipitates of various characters and aspects. 
The precipitate is white in solutions of zinc, aluminum, and the 
earthj salts; black in solutions of iron, nickel, and cobalt; 
greenish in solutions of chrome ; and buff- coloured in those of 
manganese. The student must not, however, attach too much 
importance to the colour of a precipitate, as it is a quality very 
liable to be interfered with by accidental circumstances. For 
instance, the presence of a trace of iron, occurring as an impurity, 
may effect a great alteration in the characteristic appearance of 
precipitates due to chrome, manganese, zinc, aluminum, or earthy 
salts, respectively, by imparting to them a black, grey, or greenish 
colour. From its transparency, the precipitate produced in 
aluminous solutions is very liable to be overlooked. 

The salts of nickel, cobalt, manganese, iron and zinc are preci- 
pitated by sulphide of ammonium^ in the form of sulphides, 
according to the general equation, 

M'CU + (NH4)4S « 2NH4CI + uSs. 

From their neutral solutions these metals are precipitated very 
imperfectly by sulphuretted hydrogen, in consequence of the 
formation during the reaction of hydrochloric or some other acid, 
in which the respective sulphides are soluble, thus : 

M'fcl, + H,S - aHCl + MS. 

But the sulphides of nickel, cobalt, and zinc maybe precipitated 
completely from solutions which are acid only with acetic acid, 
and in which, owing to the addition of an alkaline acetate, no 
stronger acid than the acetic can be set free during the reaction ; 
though even then sulphide of iron can be but partially precipi- 
tated, and sulphide of manganese not at all. 

Although the sulphides of nickel and cobalt are not precipitated 
in the presence of hydrochloric acid, yet, when once produced , 
they can only be dissolved in the acid with considerable difficulty ; 
but they are readily soluble in nitric acid. The sulphides of 
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sine, iron, and manganese, however, are easily dissolved by cold 
hydrochloric acid, and that of manganese by acetic acid. 

The sulphides of aluminum and chromium cannot be produced 
in the moist way. Hence the salts of these metals are precipitated 
by sulphide of ammonium in the form, not of sulphides, but of 
hydrated sesquioxides, with liberation of sulphuretted hydrogen, 
thus: 

aAlClj + 3(NH4),S + 6H,0 - SNH^a + 3H,S + AI,03.3H,0. 

The earthy salts are precipitated as such by a mere neutralisation 
of the acid in which they were dissolved, thus (vide page 75) : 

Ca3(P04). . 4HCI + a(NH4),S « CajCPO^). + 4NH4CI + iH.S. 

(38.) /J. From protosalts of nickel, cobalt, manganese, iron, 
and zinc, potash throws down the respective prothydrates, pre- 
cisely as it does the prothydrates of the metals of the first 
group : 

lICl, + aKHO = 2KCI + ]rfb.H,0. 

From the tri- or sesquisalts of iron, chromium, and aluminum, 
it precipitates the respective sesquihydrates, thus : — 

2MCI3 + 6KH0 - 6KCa + M;'03.3H.0. 

The earthy salts are precipitated as such by the neutralisation 
of the acid in which they were dissolved. 

The appearance of the manganese precipitate is very charac- 
teristic. From being quite white it becomes rapidly brown by 
an absorption of atmospheric oxygen. The precipitate given by 
potash with perfectly pure protosalts of iron is greenish-white, 
but the precipitate ordinarily obtained has a dark olive-green 
colour, becoming ochrey-red by exposure to air : with mixed 
proto- and sesqui-salts, a black precipitate, and with pure sesqui- 
salts a red-brown precipitate is produced. The hydrates of 
chromium, aluminimi, and zinc are completely soluble in excess 
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of potash, while the other precipitates are insoluble. Should the 
excess of potash effect an obvious solution of the precipitate at 
first thrown down, but the liquid at the same time not become 
perfectly bright, it may be filtered off from the oxide of iron, or 
other insoluble impurity, and tested for chromium, aluminum^ 
and zinc (d). 

(39.) y. Amnionia throws down from solutions of nickel, 
cobalt, manganese, iron, and earthy salts, precipitates 
which have respectively the same composition as those thrown 
down by potash. The precipitates produced in solutions of the 
earthy salts and in sesquisalts of iron are equally insoluble in 
excess of ammonia as in excess of potash; but the prothydrates 
of nickel, cobalt, and manganese are readily soluble, and that of 
iron sparingly soluble, in excess of ammonia, when clJoride 
of ammoniiun or some other neutral ammoniacal salt is also 
present. Hence when the previous experiment with potash 
has shown the probable presence of a protosalt of iron, it is neces- 
sary, before adding ammonia, to boil the solution with a little 
nitric acid for a few minutes, so as to convert the protosalt into a 
sesquisalt, whereby all the iron may be precipitated as a red-brown 
sesquihydrate, quite insoluble in excess of ammonia. 

But when the colour of the precipitate produced by potash, or 
some other reaction, has indicated the absence of a protosalt of 
iron, the boiling with nitric acid may be dispensed with. The 
presence of a protosalt of iron in the original solution is best 
shown by the addition of ferridcyanide of potassium, which pro- 
duces therewith an abundant dark blue precipitate of ferridcyanide 
of iron, or Tumbull's blue : 

SFeCla + zKaFe&yg = 6KC1 + FeaFea'Cy^. 

The presence of a sesquisalt of iron is best shown by sul- 
phocyanate of potassium^ which produces therewith a blood-red 
liquid, due to the formation of sesqui-sulphocyanate of iron : 

FeCl^ + sKCyS = 3KCI + F©(CyS)3. 
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The mode of examining the earthy salts is described in 
par. 59. 

When excess of ammonia is added to a strongly acid solution, 
or when chloride of ammonium and excess of ammonia are added 
to a nearly neutral solution of nickel, cobalt, or manganese, the 
precipitate at first produced is immediately redissolved. 

THe ammoniacal solution of nickel has a deep purple-blue 
colour, closely resembling that of the similarly constituted solu- 
tion of copper. Potash added to the ammoniacal nickel solution 
throws down an apple-green precipitate of hydrate of nickel ; but 
a very large quantity of potash may be added to the ammoniacal 
copper solution without disturbing its transparency, and the pre- 
cipitate finally produced is for the most part blue. Moreover, 
ferrocyanide of potassium produces with ordinary salts of nickel a 
pale green, and ^^ith ordinary salts of copper a chocolate-red, 
precipitate of the respective ferrocyanides ; and the two metals 
are otherwise well characterised. 

The ammoniacal solution of cobalt has a brownish-pink 
colour, which gradually becomes darker by exposure to air, until 
eventually a brownish precipitate of hydrated sesquioxide of 
cobalt is produced. But the cobalt solution, when made with 
ammonia containing carbonate of ammonium, or even with car- 
bonate of ammonium itself, has a fine pink colour, which is 
tolerably permanent. Cobalt compounds are best recognised by 
fusion with the borax bead, to which they impart a deep purple- 
blue colour. 

The ammoniacal solution of manganese is at first colourless, 
but by exposure to air it speedily becomes brown and opaque, 
from the conversion of the white soluble prothydrate into the 
brown insoluble sesquihydrate. Manganese compounds are very 
firequently contaminated with iron ; hence, when excess of am- 
monia produces a brown precipitate, it is often worth while to 
pour the mixture on to a filter, and to test the ammoniacal filtrate 
with sulphide of ammonium ; whereupon manganese, if present, is 
precipitated as a fiesh- coloured sulphide. Manganese is best 
recognised before the blowpipe by fusing some carbonate of 
sodium, to which a little nitre itiay be added, upon platinum foil, 
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and then introducing a minute portion of the manganese com- 
pound, whereby a bright green fusible mass of manganate of 
sodium Na^MnO^, is produced. 

(40.) 5. The potash solution of chromium is of a green colour, 
and when boiled for a longer or shorter time, according to the 
relative proportions of potash and chrome present, deposits the 
whole of its chrome in the form of a green precipitate. Chrome 
compounds are best recognised by the emerald green colour they 
impart to the borax bead ; and by the bright yellow mass of 
chromate of alkali metal which they yield when ignited on 
platinum foil, with carbonate of sodimn and nitre, before the 
blowpipe. 

6. The potash solution of zinc, when containing a considerable 
excess of potash, is not affected even by prolonged ebullition ; 
but when containing only a slight excess, it soon deposits an 
opaque white precipitate. On adding a few drops of sulphide of 
ammonium to potash solution of zinc, sulphide of zinc is formed, 
which being, unlike the hydrate of zinc, insoluble in potash, is 
thrown down as a white precipitate, frequently having a greyish 
tinge from the accidental presence of a trace of lead in the potash 
used as the reagent. 

Zinc compounds when strongly heated leave a fixed infusible 
residue, which when ccld is quite white, but when hot has a 
deep greenish-yellow tint. Moistened with nitrate of cobalt solu-r 
tion and re-ignited, it acquires a pure permanent chrome-green 
colour. 

i". The potash solution of alumina is unaffected by boiling, 
and also by the addition of a few drops of sulphide of ammonium, 
unless indeed the potash contains an appreciable quantity of lead, 
when a black precipitate of sulphide of lead is formed. 

Ammonia or carbonate of ammonium given a similar white 
precipitate with zincous and aluminous salts, but the precipitate 
produced with the former is freely soluble, while that produced 
with the latter is insoluble in excess of the reagent. Hence the 
addition of chloride of ammonium to potash solution of zinc 
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produces no precipitate ; but when added in sufficient quantity 
to potash solution of alumina, it throws down a white gelatinous 
precipitate of hydrate of aluminum, owing to a substitution of £ree 
ammonia for free potash, thus : 

KH4CI + KHO - Ka + NH4HO, or NHj.H^O. 

Compounds of aluminum, when strongly heated in the blowpipe 
flame, leave a white, infusible, highly incandescent residue, which, 
when moistened with solution of nitrate of cobalt, and reignited, 
assumes a fine permanent blue colour. 



§ v.— EXAMINATION FOR BASES OF GROUP IIL 

(41.) This group includes the bases which are not precipitated 
either by sulphuretted hydrogen, or by sulphide of ammonium. 
A solution of the salt in water or acid may be at once examined, 
according to the directions of Table III. Or the solution, which 
has been successively treated with sulphuretted hydrogen and 
sulphide of ammonium without the production of a precipitate, 
may be tested for any of the metals of this group, except 
potassium, sodium, and ammonium. If the original substance 
required an acid to effect its solution, its base cannot be any one 
of the last three, inasmuch as all simple salts of potassium, 
sodium, and ammonium are soluble in hot water. 
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Table III. 

(42.) ExamiDation of a solution containing some one member 
of the third group of bases ; namely, Barium, Strontium, Cal- 
cium, Magnesium, Potassium, Sodium, or Ammonium. The sul- 
phides or sulphydrates of these metals being soluble in water, 
the solutions of their salts are not precipitated either by sulphu- 
retted hydrogen, or by sulphide or sulphydrate of ommonium. 

o. Add Chlorid$ and Carbonate of Ammonium to the original solution, and 

warm gently. 



y^ 



Precipitated 

Babium 

Stbontixth 

Calcium. 



fi. Add Sulphate qf Potassium or 
dilute Sulphuric Acid to the original 
solution. 



Precipitated 
BAnnJif (quickly) 
Stromtixtm (dowly). 

Add Chr ornate qf Po- 
tassium to the original 
solution. 



Precipitated 
Babium. 



\ 

Dissolved 

Stbomtium. 



Dissolved 
Calcium. 



Dissolved 

liAOKBSrUM 

Potassium 

Sodium 

Ammoioum. 

7. Add Phosphate of Ammonium 
to the ahove solution already con- 
taining the ammoniacal salts, and 
stir. 



Precipitated 
Maonrshtm. 



Dissolved 
Potassium 
Sodium 
Ammokium. 

S. Add to the original 
solution Tartaric Acid 
in excess, and stir. 



Precipitated 
Potassium. 



N 

Dissolved 
Sodium. 



Ammonium? 



o2 
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(43') «• Carbonate of ammonium produces in solutions con- 
taining barium, strontium, or calcium, a white precipitate, 
the carbonates of these three metals being insoluble : 

Ca'fcl, + (NH4),C03 - 2NH4CI + CaCOj/op CaO.CO,. 

When carbonate of ammonium is added to an acid solution of 
the compound under examination, care must be taken to add a 
quantity more than sufficient to neutralise the acid, or, in other 
words, enough to render the solution alkaline. Inasmuch as the 
carbonic gas evolved on adding carbonate of ammonium to an 
acid liquid retains the carbonates of the alkaline earth-metals 
in solution, it must be expelled by gentle warming. Carbonate 
of magnesium also is insoluble in water, though readily- 
soluble in solutions containing chloride of ammonium or other 
anmioniacal salt. Hence the necessity of adding chloride as 
well as carbonate of ammonium to the aqueous solution of the 
substance imder examination, in order to prevent a precipitate 
of carbonate of magnesium being formed, and confounded with 
one of the other precipitable carbonates. But when the sub- 
stance has been dissolved in an acid, the carbonate of ammonium 
expended in neutralising the acid forms a sufficient quantity of 
neutral ammoniacal salt to prevent the precipitation of carbonate 
of magnesium ; and consequently the separate addition of chloride 
of ammonium is rendered imnecessary. The addition of chloride 
of ammonium may also be dispensed with, when the carbonate is 
added to a portion of the solution with which a negative result 
has been obtained by successive treatment with sulphuretted 
hydrogen and sulphide of ammonium. Carbonate of ammonium 
also precipitates most of the metals belonging to the first and 
second groups, so that it can only be depended upon to indicate 
the presence of the alkaline earth-metals, when the absence of 
all other precipitable metals has been previously ascertained by 
sulphuretted hydrogen and sulphide of ammonium respectively. 

/3. Sulphate of calcium is very slightly soluble in water, 
sulphate of strontium still less so, and sulphate of barium 



PRECIPITATION BY SULPHATE OF CALCIUM. 85 

quite insoluble. Hence sulphuric acid and most soluble sulphates 
give precipitates in the solutions of ail three metals. But owing 
to the sparing solubility of sulphate of potassium in water, its 
solution does not usually precipitate the salts of calcium imless 
very concentrated, though it is. readily capable of precipitating 
those of strontium and barium : 

Baa, + K,S04 « iKCl + BaS04, or BaO.SOa. 

Moreover, a solution of sulphate of calcium will not precipitate 
salts of calcium under any circumstances, but will nevertheless 
precipitate those of strontium and barium, the former slowly, the 
latter immediately. 

Oxalate of ammonium is the reagent usually employed to 
demonstrate the presence of calcium, with neutral or alkaline 
solutions of which it gives a white precipitate of oxalate of 
calcium, soluble in nitric and hydrochloric, but insoluble in 
acetic and oxalic acids : 

Caa, + (NH4>,Ca04 -» iNB^pi + CaC,04, or CaO.CaOj. 

But oxalate of ammonium produces precisely similar precipi- 
tates in neutral salts of strontium and barium, the oxalates of 
these two metals being also insoluble in water. That of barium, 
however, is soluble in excess of warm oxalic acid. Moreover, 
free oxalic acid precipitates neutral solutions of calcium and 
strontium, but not of barium, unless very concentrated. 

In solutions acidified with acetic acid, chromate of potassium 
has no action upon strontium and calcium salts, but throws down 
from barium salts a yellow precipitate of chromate of barium, 
soluble in the nitric and hydrochloric acids : 

Ba(N03)a + K^CrO^ - 2KNO3 + BSCPO4. 

Hydrqfluosilicic acid also serves to distinguish barium salts 
from those of strontium and calcium, with the first of which it 
alone produces a precipitate, the fluosilicate of barium being alone 
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insoluble. This test is unaffected hj the presence of nitric and 
hydrochloric acids : 

'AiCl^ + H^iF« ?r 2Ha + BaSiF<;, or BaF^.SiF^. 

Most barium salts, especially when moistened with hydro- 
chloric acid, impart an apple-green colour to the blowpipe flame ; 
strontium salts a marked crimson ; and calcium salts an orange- 
red. 

(44.) y. Phosphate of ammonium^ or of sodium, gives with 
magnesian solutions, containing carbonate of ammonium or 
£ree ammonia, a white crystalline precipitate of phosphate of 
magnesium and ammonium, frequently known as triple phos- 
phate : 

M^Cla + (NH4),H[P04 + NH3 = 2NH4CI + Mg(NH4)P04. 

This precipitate does not usually form in warm solutions, and 
is frequently produced only after brisk stirring, or rubbing the 
inside of the tube with a glass rod. It must be remembered that 
phosphate of ammonium gives precipitates with salts of barium, 
strontium, and calcium, and of most metals belonging to the first 
and second groups, so that it can only be relied upon as a test for 
magnesium when the absence of all other metals precipitable by 
it has been first ascertained. 

^. Tartaric acid gives with neutral solutions of potassium- 
salts a white crystalline precipitate of acid tartrate of potassium 
or cream of tartar : 

KCl + H6C4O6 - HCl + KKfifi€' 

The precipitate does not usually appear in a warm liquid. It 
is produced very slowly in solutions of the more sparingly 
soluble, and in dilute solutions of the more freely soluble potas- 
siimi-salts. From such solutions it is best obtained by cooling 
the mixture under a tap, diluting it with a little alcohol, and 
stirring it briskly with a glass rod, which should be rubbed 
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against the inside of the tube. In testing alkaline solutions for 
the presence of potassium , care must be taken to add an excess of 
tartaric acid. The precipitate of cream of tartar is not formed in 
solutioDS of potassium-salts which have a marked acid reaction 
£rom the presence either of oxalic acid, or of one of the strong 
mineral acids. But on neutralising such solutions with caustic 
soda, or carbonate of sodium, and then adding tartaric acid, the 
characteristic precipitate is readily obtained. 

Perchloride of platinum produces also in solutions of potas- 
sium-salts, which should first be acidulated with hydrochloric 
acid, a yellow crystalline precipitate of platino-chloride of potas- 
sium 2KCl.PtCl4, the deposition of which is facilitated by stirring, 
and by the addition of alcohol. 

Solutions of ammonium-salts, when moderately concentrated^ 
resemble potassium^ salts in their behaviour with tartaric acid, 
yielding therewith a crystalline precipitate of acid tartrate of 
ammonium (NH4)H5C406* Hence ammonia cannot be used to 
neutralise those acid solutions which have to be tested with taitaric 
acid for the presence of potassium. Moreover, moderately concen- 
trated solutions of ammonium-salts give with dichloride of 
platinum a yellow crystalline precipitate of platino-chloride of 
ammonium 2NH4Cl.PtCl4, resembling the similar compound of 
potassium. Dilute solutions of ammoniacal salts behave like solu- 
tions of sodium-salts in not furnishing any precipitate with 
either tartaric acid or dichloride of platinum. But ammonium- 
sales may be readily distinguished from those of potassium and 
sodium by their partial or complete volatility, and by their solur- 
tions evolving ammonia when boiled with potash or lime : 

NH4CI + KHO - KCl + NH3 + H,0. 

Sodium-salts impart an intense yellow colouration to flame, 
and potassium-salts a marked violet. 
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§ VI.— EXAMINATION FOE ACIDS. 

(45.) The student should always ascertain the nature of the 
nxetallic or basic constituent of his substance, before proceeding 
to search for its acid or chloroid constituent. In this search he 
will be greatly assisted by a knowledge of the special characters 
of particular salts, and of the general characters of various classes 
of salts. Knowing, for instance, that sulphate of barium is 
insoluble in all menstrua, he need not test a soluble barium salt 
for sulphuric acid. On the other hand, a salt insoluble in water 
is not likely to be a nitrate or chlorate. The following classes of 
salts are, as a rule, soluble in water : — ^Nitrates, excepting a few 
superbasic salts ; acetates, except acetate of silver, which is only 
sparingly soluble ; chlorides, except chloride of silver, which is 
insoluble in boiling nitric acid, and mercurous chloride, or 
calomel, which dissolves in boiling nitric acid with conversion 
into a mercuric salt : chloride of lead is moderately soluble in 
boiling, though very sparingly soluble in cold water. Sulphates, 
except those of barium, strontium, and lead, which last is soluble 
in boiling hydrochloric acid : the sulphates of silver and calcium 
also are only sparingly soluble. The following classes of salts 
are, as a rule, insoluble in water: — Oxides or hydrates, and 
sulphides or sulphydrates, except those of the alkali- and alkaline 
earth- metals, and the sulphydrate of magnesium ; also car- 
bonates, phosphates, and oxalates in general, except those of the 
alkali metals, and many hyperacid salts. 

The presence of any particular acid is indicated more or less 
certainly by the behaviour of the substance when gently heated 
in the solid state with three or four times its bulk of strong 
sulphuric acid, and wl^en imder examination for the detection of 
its metallic constituent. 

The most usual decomposition which takes place between sul- 
phuric acid and the salt of a more volatile or feeble acid consists 
in an exchange of the hydrogen of the sulphuric acid for the 
I metal of the salt, thus : 
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H^SO^ + NaCl = NaHS04 + HCl 
H,S04 + K^O, - KHSO^ + HNO3. 

Reactions similar to the above take place with the salts of 
nearly all acids, provided the sulphuric acid employed is not too 
strong, and the heat not too great; but with ordinary oil of 
vitriol, especially at a somewhat high temperature, the liberated 
acids themselves often undergo a partial or complete decomposi- 
tion. 

The tartaric and citric acids, for instance, are destroyed with 
more or less charring. The nitric and chloric acids yield the 
peroxides of nitrogen and of chlorine respectively, thus : 

2HNO3 = H,0 + N,04 + 
2HCIO3 = H,0 + 01,04 + O 

except that, in the former case, the decomposition is but slight, 
while in the latter, the separated oxygen converts another portion 
of the chloric into perchloric acid. 

Oxalic acid breaks up into water, carbonous oxide, and carbonic 
anhydride, thus: 

H,0a04 = H,0 + CO + CO,. 

The hydrobromic, hydroiodic, and sulphydric acids are decom- 
posed with liberation of bromine, iodine, and sulphur, respec- 
tively, thus : 

2HBr + HaS04 = aH^O + SO, + Br, 
2HI + H,S04 =. 2H,0 + SO, + I, 
H,S + H,S04 = 2H,0 + SO, + S 

Hydrocyanic acid yields acid-sulphate of ammonia and carbon- 
ous oxide, thus : 

HON + H,0 + H,S04 - CO + NH3.H,S04. 

(46.) In the following table the principal acids are classified 
according to the behaviour of their salts when under examination 
for bases, and when warmed with strong sulphuric acid : 
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Table IV. — ^Pbbliminabt Tbstiko fob Acros. 



a. Indicated during 
prerions examina- 
tion. 



ARSKirATn iBeact 
Ghbomatbs j withHaS 



NiTRATKS \ Defla- 
Chlobatbs j grate 



Tabtbates 
Cjtbatss 



Char 



Cabbonates 

SULPIflDBS 
BULPHTTBSf&C. 

Pkboxides 



\ Effer- 
vesce 
with 
HCl 



p. Corroborated 

by gnlphnric 

acid. 



NrrBATis. Brown 
add yaponrs with 
copper 

Chlobates. Brown 
ing and crackling 
detonation 



y. Also react with 
snlphnric acid. 



Tartbatbs 
Citbatbs 



Char 



Pebhulpujlues 
8IUCATS8 

BOBATSS 

Bbkzoates 




Cabbqnatks^ 
sulphidss 

SULFHTraS 



Effer- 
yeace 



Chlobidbs. Pungent 
acid fames. With 
MnOa evolve chlo- 
rine 

Bromidbs. Brown 
fumes, which bleach 
litmus, and turn 
starch yellow 

Iodidbs. Violet va- 
pours, which turn 
starch paper purple. 

Fluobidbs. Pungent 
add fumes, which 
etchglaaB 



Acxtatbs. Add va- 
pour. With alcohol 
yield acetic ether 



i. No obvious 
effect with sul- 
phuric acid. 



B0BATB8. Give 
green flame with 
alcohol 

OXALATBB \ Effer- 
Cyanidbs t vesce?! 



Phosphates 

Absbnatbs 

Sulphates 

Silicates 

Oxides 






(47.) a. Deflagration of the substance, when heated upon 
charcoal before the blowpipe, shows the probable presence of a 
nitrate or chlorate. 

Charring of the substance, when heated upon platinum foil 
or charcoal, usuallj indicates the presence of a tartrate or 
citrate. 

Effervescence from the substance, when its solution is being 
effected in hydrochloric acid, occurs with several classes of 
salts. 

With nearly all carbonates there is evolution of carbonic 
anhydride, thus : 

ftHCI + CiOO, = CfiCl, + HaO + 00,. 
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The gas is free from any marked smell, and renders lime water 
milky (vide par. 84). 

With many sulphides there is evolution of sulphydric acid or 
sulphuretted hydrogen, thus : 

2HCI + FeS = FeCla + H^S 

6HC1 + Sb,S3 = 2SbCl3 + sHaS. 

The gas smells most offensively, and turns lead paper of a black 
or brown colour. 

With sulphites and hyposulphites (vide par. 94) there is 
evolution of sulphurous anhydride, thus : 

2HCI + NaaSOj = 2NaCI + HaO + SO,. 

The gas has the peculiar sufibcating smell of burning sulphur, 
and produces a purple discolouration on starch paper moistened 
with iodic acid solution. 

With peroxides there is evolution of chlorine, thus: 

4HCI + MnOa - 2HaO + MnCl, + CI,. 

The gas, which has a greenish colour and characteristic irrita- 
ting smell, produces a purple colouration on starch paper moist- 
ened with iodide of potassium. 

Similar effects are observable on acidifying with hydrochloric 
acid the strong aqueous soluticms of soluble carbonates, sulphides 
or sulphydrates, sulphites, and hyposulphites ; but the evolution 
of chlorine under these circumstances would probably be due to 
the presence of a hypochlorite. Moreover, moat simple cyanides, 
and the strong aqueous solutions of such of them as are soluble, 
effervesce when warmed with hydrochloric acid, from an evolu- 
tion of hydrocyanic acid gas, known by its characteristic smell, 
and by its behaviour with sulphide of ammonium, &c. (vide par. 

99)- 

HCl + KCN - KCl + HON. 

The aqueous solutions of certain salts when acidified with 



92 EXAMINATION FOR ACIDS. 

hydrochloric acid yield precipitates due, not to the metals sill 
lead, and mercury, but to the acids of the respective salts. 

With persulphides there is formed a yeUowish wl 
turbidity from liberated sulphur, always accompanied, howei 
by an evolution of sulphuretted hydrogen : 

2HCI + KA = aKCl + H,S + S. 

With hyposulphites, there is gradually produced a more 
cidedly yellow precipitate of sulphur, and an evolution 
sulphurous anhydride, thus: 

2HCI + Na,S,03 = aKaCl + HaO + SO, + S. 

With soluble silicates there is produced a gelatinous preci 
tate of silica, which separates out more completely, and becoi 
gritty on evaporation : 

2HCI + KaSiOj « 2Ka + HaO + SiO,. 

Borates and benzoates, if sufficiently concentrated, yi 
crystalline precipitates of boric and benzoic acids respective 
which dissolve in boiling water, and crystallise out again 
cooling: 

HCl + NaHjCBOj), = NaCl + 2H3BO3 
HCl + KRfijO^ - KCl + HfiCyO,. 

In testing for bases of the first group, by treating the aci 
fied solution of the substance with sulphuretted hydrogen, str< 
evidence of the presence of arsenates or chromates may also 
afforded. Acidified solutions of arsenates slowly yielc 
yellow precipitate of mixed trisulphide of arsenic and sulpt 
thus: 

« 

5H,S + 2HCI + zKR^AsO^ = 8H,0 + 2KCI + As^Sj + 

Acidified solutions of chromates yield a yellowish- wl 
deposit of sulphur, while the colour of the liquid changes fi 
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orange-red to green, owing to the reduction of the chromic acid 
to the state of a chrome-salt, thus : 

3H4S + 6HC1 + xCriSj = 6H,0 + zCrClj + S3. 

(48.) /3. Nitrates, when heated with sulphuric acid, give off 
nitric acid vapours, sometimes having a brownish tint from the 
presence of peroxide of nitrogen. On the addition of a few 
copper turnings the brown colour becomes very marked, from the 
evolution of colourless nitric oxide N^O,, and its immediate con- 
version into brown peroxide of nitrogen N,04, by an absorption 
of atmospheric oxygen : 

3HaS04 + sCu + jHNOj = sCuSO^ + 4H,0 + N^O,. 

The vapour, whether before or after the addition of copper, 
has a characteristic nitrous smell, reddens litmus paper, and gives 
a purple colouration to starch paper moistened with iodide of 
potassium: 

2KI + mfi^ = 2KNO, + I,. 

Chlorates react somewhat violent]y with sulphuric acid, pro- 
ducing an immeaiate browning, and, either at once or on the 
slightest application of heat, a crackling, or even loud detona- 
tion, from the breaking up of the peroxide of chlorine first 
liberated. 

Tartrates and citrates undergo more or less charring, the 
tartrates becoming thoroughly blackened, the citrates merely 
browned. 

Carbonates, sulphites, and sulphides effervesce with sulphuric 
as with hydrochloric acid ; except that in the last case some of 
the liberated sulphydric acid reacts with the excess of sulphuric 
acid to form sulphur, water, and sulphurous anhydride, as already 
described (vide par. 45). 

y. Most chlorides when warmed with sulphuric acid evolve 
hydrochloric acid gas, which reddens litmus paper, and has a well 
characterised pungent smell. On the addition of a little peroxide 
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of manganese, chlorine is evolved, recognisable by its peculiar 
irritant smell : — 

H,S04 + MnO, + 2HCI »= :rijiS04 + 2H,0 + CI,. 

It bleaches litmus, and produces a purpling of starch paper 
moistened with iodide of potassium solution. 

Bromides evolve a mixture of hydrobromic acid with bromine 
vapour, the latter recognisable by its brown colour, irritant 
smell, and power of bleaching litmus. 

Iodides yield iodine vapour, recognisable by its violet colour, 
and by its rendering starch paper purple. 

Fluorides give off pungent fumes of hydrofluoric acid, which 
redden litmus and etch glass [vide par. 106). 

Acetates give off acetic acid vapours, which redden litmus. 
On the addition of a little alcohol the original sour smell of the 
acid is changed into the fruity smell of acetic ether. 

5. Borates do not react visibly with sulphuric acid, but on 
adding alcohol, and then setting fire to the mixture in a capsule, 
the flame presents a marked green colour. 

Oxalates and cyanides are decomposed by heated sul- 
phuric acid with liberation of carbonous oxide gas, accompanied 
in the case of the former salts with carbonic anhydride ; but as 
the evolution of gas is liable to be overlooked, and the gas itself 
does not present any striking property, the oxalates and cyanides 
are here included among the salts with which sulphuric acid pro- 
duces no obvious effect. 

Phosphates, arsenates, sulphates, silicates, andoxides 
do not react visibly with sulphuric acid ; except that with some 
peroxides there is evolution of oxygen, transformable into that of 
chlorine on the addition of chloride of sodium or hydrochloric acid. 

(49.) The various liquid tests for the acids should be applied 
by preference to an aqueous solution of the original substance. 
But if insoluble in water, and consequently neither a nitrate nor 
a chloride, it may be dissolved in dilute nitric or hydrochloric 
acid, and the tests applied, to the solution so formed. 
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The presence of certain basic metals interferes occasionally 
with the described reactions of several of the acids. Thus solu- 
tion of hydrochloric acid or any chloride, when tested with 
nitrate of silver, gives a white precipitate of chloride of silver, 
said to be readily soluble in ammonia. But on adding nitrate of 
silver to solution of mercuric chloride, and treating the resultant 
white precipitate with ammonia, there is no obvious solution pro- 
duced, because, although the precipitated chloride of silver does 
actually and completely dissolve, a white insoluble mercuram- 
monium compound is simultaneously thrown down from the 
mutual reaction of the ammonia and mercuric salt. 

Bearing in mind, however, the interference likely to be pro- 
duced by the presence of the particular metal previously detected, 
the tests for sulphuric, hydrochloric, and nitric acids can for the 
most part be satisfactorily applied to any of their salts. 

But in testing for phosphoric, oxalic, and tartaric acids more 
particularly, and for other acids when any difficulty occurs, it is 
important that the base of the salt should be one of the alkali 
metals, pot'issium, or sodium, or ammonium. 

The bases of the first group may be got rid of by saturating 
the solution with sulphuretted hydrogen gas, filtering, evaporating 
the filtrate until it ceases to smell, and neutralising it with car- 
bonate of sodium or potassium. 

The bases of the second group, together with barium, stron- 
tium, calcium, and magnesium, may be removed by adding to the 
acidulous, or occasionally to the aqueous, solution of the substance 
an excess of carbonate of sodium or potassium, boiling for some 
time, and filtering. The filtrate can afterwards be neutralised 
with nitric or hydrochloric acid, which may be conveniently 
added drop by drop from a pipette. 

(50.) The following abridged table shows the action of some 
general reagents upon the dissolved salts of the principal acids. 
By its aid and that of the preceding table, the student will rarely 
have much difliculty in quickly discovering the acid constituent 
of his substance, although, indeed, the course of examination is 
not 80 systematic as that for the bases. A more complete table 
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for the detection of the acids would include the reactions of a few 
organic salts of compazatively rare occurrence, such as the formates, 
succinates, citrates, meconates, gallates, tannates, and ferrid- 
cyanides ; of a few mineral salts of similarly rare occurrence, 
namely, the iodates, seleniates, and silico-fluorides ; of a few 
mineral salts rarely met with in the soluble form, namely, silicates 
and fluorides ; and of the previously detected arsenates. It would 
also mention the several precipitates given by nitrate of silver and 
nitrate of barium respectively, which disappear on acidification, 
and have, as a rule, but little practical interest. 

Table V. — Course fob Detection of the Acids. 



a. NlTRATlt OF 

Silver 



From acid solntioiuB 
Chlorides \ 
Ctanidbs I- White 
Bromidbs j 
Iodides. Yellow 
Sttlphides. Black 



p. NrrRATB 07 

Barium 



From acid solntions 
Sulthates. White 

From non-acid sols. 
Chromatbs. Yellow 
Carbonates ' 



Sulphites 
&c., &c. 



White 



y. Chloride of 
Calcium 



From acetic add sols. 
Oxalates. White 

From nentral sols. 
Tartrates. White 



i. Sulphate of 
Maunesium 

From ammon. sols. 

Phosphates. White 



e. Perchlobidb 
OF Iron 



From acid solutions. 

Ferrocyanidbs. 
D. bine pp. 

Sulphoctanides. 
D. red colonr. 

From nentral sols. 
BORATES W.brown 
Bekzoates ) PP* 

Acetates. D. red 
colonr 



(51.) a, Nitrate of silver causes precipitates in the solutions of 
very many classes of salts, the majority of silver salts being more 
or less insoluble in water. The reactions consist in an exchange 
of the silver of the nitrate of silver for the metal or quasi-metal 
of the dissolved salt under examination, as illustrated by the 
following examples : — 



AgNOj 
3AgN03 
2AgN03 



+ KI 

+ FeCl3 

+ (NH,)A04 



SAgNOj + Na,HP04 = | 



e:no3 + 

= Fe(N03)3 + 

= 2NH4NO3 + 

aNaNOj + 
HNO, 



Agl 
SAgCl 
Ag,C,0^ 
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All the precipitate* produced by nitrate of silver disappear upon 
the addition of nitric acid, or do not form in presence of free 
nitric acid^ except the chloride, cyanide, bromide, iodide, and 
sulphide. 

With chlorides the silver precipitate is white, becoming 
slate-coloured on exposure to light, and soluble in ammonia 
before discolouration. Upon heating the original substance with 
peroxide of manganese and sulphuric acid, chlorine gas is evolved. 

With simple* cyanides the nilver precipitate is white, soluble 
in ammonia, and in boiling condentrated nitric acid : a portion of 
the precipitate washed by decantation may be treated with yellow 
sulphide of ammonium, whereby sulphide of silver and sulpho- 
cyanate of ammonium are produced, which last strikes a deep red 
colour on the addition of a ferric salt. An excess of sulphide of 
ammonium must be avoided, or afterwards got rid of by evapo* 
rating to dryness. 

With bromides the silver precipitate is white, and with diffi- 
culty soluble in ammonia. Bromine is liberated from the original 
salt, when treated with sulphuric acid, and from the solution of the 
salt when treated with a few drops of nitro-hydrochloric acid or 
chlorine- water, whereby the liquid assumes a red -brown colour 
rendered more evident upon the addition of a little ether or 
chloroform, which dissolves out the bromine to form a deep brown 
stratum. 

With iodides the silver precipitate has a pale yellow colour, 
and is insoluble in, but turned white by, ammonia. Iodine is 
liberated from the salt when treated with sulphuric acid, and from 
the solution of the salt when treated with a few drops of yellow 
nitric or nitro-hydrochloric acid or chlorine- water, its presence 
being manifested by the purple colour it produces on starched 
papcT, or with dilute starch paste added to the liquid, or by the 
pink or crimson colour it imparts to chloroform. 

* Ferrocyanide and sulphocyanate of silver occur as white precipitates, 
and the ferridcyanide as a brown precipitate, all unaffected by nitric acid 
but soluble ferrocyanides, ferridcyanides, and sulphocyanates are recog- 
nised immediately by their behayiour with iron solations. 
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With sal ph ides the silyer precipitate is black, and insoluble 
in ammonia, bat solable in boiling nitric acid. Nitro-prapside 
of sodium added to an alkaline salpbide produces a deep porple 
colouration. 

Of the silver precipitates which disappear on acidification with 
nitric acid, the hydrate is brown, the chromate dark red, the ar- 
senate brick-red, the phosphate bright yellow, though sometimes 
white, the carbonate pale yellow, and the rest white. The oxa- 
late is insoluble in acetic acid ; the acetate is thrown down from 
concentrated solutions only ; the tartrates, formates, and sul- 
phites are reduced to the metallic state on boiling ; while the 
borates, benzoates, and citrates do not exhibit any characteristic 
property. 

(52.) /J. Nitrate or chloride of barium precipitates the solutions 
of many classes of salts, most barium salts being insoluble or 
sparingly soluble in water. The reaction consists in an exchange 
of the barium of the nitrate or chloride of barium for the metal 
or quasi-metal of the salt imder examination, thus : 

tfaCNOj), + Na,S04 = xNaNOj + ^O^ 

BiCl, + KHSO4 - KCl + HCl + B&O4 

With sulphates the barium precipitate is white, and, if in 
any quantity, opaque. It does not dinappear upon the addition 
of nitric or hydrochloric acid, but is nevertheless slightly soluble 
in concentrated nitric acid. The seleniate and silicofluoride of 
barium also occur as white precipitates unaffected by acidification, 
(vide par. 95). Of the barium precipitates which dissolve in nitric 
or hydrochloric acid, the chromate is yellow and the remainder 
are white. The carbonate and sulphite dissolve with effervescence. 
The arsenate, borate, and tartrate do not form in the presence 
of ammoniacal solutions, and, when once thrown down, disappear 
more or less readily on the addition of chloride of ammonium. 
The oxalate and phosphate exhibit no characteristic properties. 

(53.) 7. With a few exceptions, chloride of calcium causes 
precipitates with the several classes of salts which are precipitated 
by chloride cr nitrate of barium ; but while sulphate of barium 
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is mucH more insoluble in water aad acids than sulphate of cal- 
cium, oxalate of calcium is more innoluble in water, and especially 
in acetic acid, than oxalate of barium. 

With solutions of oxalates in which there is no free mineral 
acid, chloride or sulphate of calcium produces an opaque white 
precipitate of oxalate of calcium, the deposition of which, when in 
small quantity, may be facilitated by stirring: 

C'iCl, + K,C,04 « 2KCI + CaC.O^. 

The precipitate is insoluble in ammonia and in acetic acid, but 
soluble in dilute nitric or hydrochloric acid. Its solubility in 
mineral acids distinguishps it from sulphate of calcium, which is 
occasionally thrown down by chloride of calcium from strong 
solutions of sulphates, as does also its property of effervescing 
with sulphuric acid and peroxide of manganese ; while its insolu- 
bility in acetic acid distinguishes it from the phosphate, tartrate, 
carbonate, and other salts of calcium insoluble in water. 

The solution to be tested for oxalic acid with chloride of cal- 
cium may be alkaline, or neutral, or acid from acetic acid only. 
If an alkaline carbonate is present from its employment in pre- 
paring the solution, it should be neutralised with acetic or hydro- 
chloric acid. If an excess of mineral acid is present, it may 
either be neutralised with ammonia, or acetate of ammonia may 
be added, whereby the free mineral acid is replaced by free acetic 
acid, thus : 

HCl + (NH4)H3C,0, - NH4CI + H^CaO,; 

but in practice it is better to add the ammonia and acetic acid 
separately. 

In neutral solutions of tartrates, chloride of calcium gives a 
white precipitate of tartrate of calcium, soluble even in acetic 
acid: 

C4C1, + KNaH4C406 = KCl + NaCl + CfkH4C405. 

On digesting the precipitate with potash, filtering, and boiling 

the filtrate, a white turbidity is produced, which disappears oiv 

h2 
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cooling. This behayiour with potash distinguishes the tartrate 
from the phosphate and other insoluble salts of calcium. Tartrate 
of calcium is not thrown down in the presence of much ammoniacal 
salt. 

(54.) Z. Although phosphate solutions are precipitated alike 
by nitrate of silver, nitrate of barium, chloride of calcium, sul- 
phate of magnesium, and perchloride of iron, it is the magnesian 
precipitate more enpeciallj which is characteristic of phosphoric 
acid. From a neutral or alkaline phosphate solution, a mixture 
of sulphate of magnesivm, chloride of ammonium and ammonia 
throws down a white crystalline precipitate of phosphate of 
ammonium and magnesium, thus : 

MgSO^ + NH3 + NaaHPO^ = Na,S04 + NH4MgP04. 

In common with all magnesian precipitates, it is readily soluble 
in acids ; but, unlike any other magnesian salt, except the arse- 
nate, it is insoluble in ammonia and ammoniacal salts. The yellow 
precipitate given with nitrate of silver is a useful confirmatory 
tent, as is also the reaction with molybdate of ammonium (vide 
par. 100), although this last is common to the phosphoric and 
arsenic acids. 

(55.) €. Perchloride of iron, which, for most purposes, should 
be free from any excess of acid, causes precipitates or characteristic 
alterations of colour in the solutions of very many classes of salts, 
among which may be mentioned the following : — 

With ferro cyanides a dark blue precipitate of Prussian 
blue, Fe^Cyis or 3Fe"Cy,.4Fe'"Cy3, is thrown down ; while with sul- 
phocyanates a dark red colour, due to ferric sulphocyanate 

Fe(CyS)3, is developed, neither of which results is affected by the 
addition of hydrochloric acid. With ntutral borates, benzo- 
ates, or phosphates, there is produced a pale brown precipi- 
tate of borate, benzoate, or phosphate of iron, which disappears 
on the addition of hydrochloric acid. The phosphate, however, 
Fe"T04, is scarcely affected by acetic acid, save in presence of a 
large excess of iron. 

With neutral acetates and sulphites, there is produced a 



RrrRATES — OHLOBATES. tOl 

dark rec[disb>brown colouration, which disappears on the addition 
of hydrochloric acid, or on boiling: in the latter case with forma- 
tion of a red-brown turbidity. 

Nitrates and chlorates are unaffected by any of the general 
reagents mentioned in the table. 

(56.) Although nearly all of the acids react more or less cha- 
racteristically with several reagents as above described, the 
following list of acids or salts, with the tests by which their 
presence is more particularly indicated or established, may 
prove useful to the student : — 

Chromates Beaction with sulphydric acid. 

N1TBA.TB8 
Chlobatbs 



[ Deflagration on charcoal, and reaction with sulphuric acid. 

} 



Gabbonates 

SUI.PHIDBS I- Effervescence with acids. 

Sttlphites 

Sulphates Precipitation by chloride of barium. 

Ghlobidbs \ 

J y Precipitation by nitrate of silver. 

Cyanides j 

Phosphates Precipitation by sulphate of magnesium. 

Tartrates \ ^'^^cipitation by chloride of calcium. 

Acetates • ) . 

Bbnzoatbs I ^®*^^<^^ ""^^h perchloride of iron. 

Borates 

Fluorides }■ Special tests. 

Silicates 






In the paragraphs, 89 to 107, describing the several reactions 
of the individual acids, the order of the above list is adopted. 
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i VII.— SPECIAL SUBSTANCES. 

(57.) It being scarcely possible to give general rules that 
shall apply to every particular case, there yet remain for con- 
sideration certain compounds, the detection of which according to 
the directions of the preceding tables is impracticable, or difficult, 
or liable to fallacy. There are some few substances, for instance, 
which are insoluble in all ordinary menstrua, and which must 
consequently be submitted to special modes of treatment, so that 
they may be transformed into new and soluble combinations. 
Again, there are those compounds of barium, strontium, calcioniy 
and magnenium, which are precipitated by sulphide of ammomiim 
along with the members of the second group, and which are 
known by the laboratory-name of earthy salts. There are also 
the oxides, or compounds without an acid, and the acids or com- 
pounds without a base other than hydrogen, together with tvo 
or three miHcellaneous bodiea A few remarks, moreover, are 
appended on the examination of substances in the dissolved or 
liquid condition, and on the solubility of the heavy metals in 
alkaline solutions. 

(58.) Insoluble Compounds. 

Many substances are known which do not dissolve in water or 
in any ordinary acid, or in any combination of acids, even with 
the aid of heat. Among bodies of this class, the following are 
most likely to come under the notice of the student : namely, 
peroxide of tin ; peroxide of antimony; chloride, bromide, and 
iodide of silver ; the sulphates of barium, strontium, and perhaps 
lead ; chromic oxide; alumina and some aluminates; with silica 
and some silicates. Several of these bodies may be met with in 
the soluble as well as the insoluble form, but the silver com- 
pounds and earthy sulphates are always alike insoluble. Sul- 
phate of strontium, however, though practically insoluble, dis- 
Bblvea sufficiently in water to form a solution in which the presence 
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of sulphuric acid can be detected by the addition of a barium- 
salt. Again, sulphate of lead dissolves, though not very readily 
or to any great extent, in boiling hydrochloric acid, ibrming a 
solution from which chloride of lead crystallises out on cooling. 
For analytical purposes these more or less insoluble bodies may 
be classified into compounds of heavy metals easily recognisable 
before the blowpipe (a), and earthy compounds for whose satis- 
&ctory identification a further examination is required (/3). 

a. The insoluble compounds of tin, antimony, silver, and 
lead, when mixed with cyanide flux and heated on charcoal 
before the blowpipe, yield beads of metal distinguishable frbm 
one another by their appearance, texture, behaviour with acids, 
and freedom from, or association with, incrustations of definite 
character (vide par. 26, ^). The sulphuric acid of the insoluble 
lead compound may be recognised by boiling it with a solution 
of carbonate of sodium or of potassium, filtering, and testing the 
clear filtrate, with nitric acid and nitrate of barium, for the pre- 
sence of any alkaline sulphate resulting from the decomposition 
of the original sulphate of lead, thus : 

PlbSO^ + Na^COj = Na,SO^ + I^bCO,. 

The chlorine, bromine, or iodine of the insoluble silver com> 
poimd may be detected by fusing the compound with a mixture 
of the carbonates of sodium and potassium in a small porcelain 
capsule or iron spoon, and treating the resulting saline mass with 
sulphuric acid and peroxide of manganese, or the solution of 
the mass with nitric acid and nitrate of silver. By fusing the 
chloride, bromide, or iodide of silver with carbonated alkali, the 
halogen is transferred from the silver to the alkali metal, thus:^-* 

aAgCl + Na,CO, - aNaCl + Ag, + CO, + O. 

Chromic oxide is known by its dull green colour, by the 
bright green colour it imparts to the borax bead, and by the 
yellow mass of alkaline chromate into which it is converted by 
fusion with a little nitre and carbonate of sodium. This mass 
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may be dissolYed in water, and to the yellow solution bo formed 
the ordinary tests for chromic acid applied. 

j3. The remaining insoluble and non-reducible compoimds may 
be recognised by the following process. The substance in the 
fttate of a very fine powder, and mixed with three or four times 
Its weight of the carbonates of sodium and potassium, is fiised for 
some time on a platinum capsule or on platinum foil, whereby i^ 
decomposition of the kind represented below is effected : 

&SO4 ^ Na^COj « Na,S04 + iS&CO^ 

A(Si03)3 + 3Na,C0j =« sNa^SiOj + AlaOa + 3CO,. 

• By boiling the fused mass in water and filtering, a cleai^ 
solution is obtained containing a sulphate or silicate, and perhaps 
some aluminate of sodium ; while an undissolved residue is left 
upon the filter consisting of alumina, or of carbonate of barium or 
strontium, or possibly of the carbonate or oxide of some othet 
basylous metal, originally existing in the form of a silicate ot 
aluminate. This residue, after being washed with water, is dis- 
solved in dilute hydrochloric acid, and the resulting solutions 
tested by the usual reagents, for aluminum, barium, strontium, 
and the basylous metals generally. 

The clear filtrate is acidified with hydrochloric acid, and a 
portion of it, refiltered if necessary from any deposit caused by 
the acidification, tested for sulphuric acid by means of nitrate or 
chloride of barium. The remainder, whether or not turbid from^ 
the acidification, must be evaporated to dryness, gently heated,^ 
and again acted upon with hydrochloric acid and water. Any 
undissolved gritty residue will consist of silica, which may be 
further identified by fusion with a bead of carbonate of sodium 
before the blowpipe ; while any alumina contained in the hydro- 
chloric acid solution will be thrown down on neutralisation with 
ammonia. 
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(59.) Eartht Salts. 

These compounds being insoluble in water are precipitated 
unchanged from their acidulous solutions upon the addition 
thereto of any alkaline hydrate, carbonate, or sulphide ; whence 
their occurrence among members of the second group of bases. 
Perphosphate of iron, which resembles the earthy salts in the 
behaviour of its acidulous solution with alkaline hydrates and 
carbonates, may be conveniently associated with them, thus : 

a. Iron Phosphate 

Bariam ^ ^Phosphate 



fi» Strontium 
Calcium 



Oxalate 
, Fluoride 



7. Magnesium Phosphate 

The identification of the different compounds when separated 
from one another is easily effected by the under- mentioned 
methods ; while the more difficult process for the detection of 
iron, calcium, magnesium, and phosphoric acid in presence of one 
another is described in Chapter IV. 

o. In the original acid solution, iron may be detected by sul- 
phocyanate or ferridcyanide of potassium; and phosphoric 
acid by molybdate of ammonium and nitric acid. Afler any 
excess of mineral acid, more than sufficient to keep the substance 
in solution, has been neutraUsed with ammonia, the addition of 
acetate of ammonium produces a buff-coloured precipitate of 
phosphate of iron, unless, indeed, the ratio of phosphoric acid to 
iron is very small. 

/3. Barium and strontium may be detected in the original 
solution by means of sulphate of potassium, and be distinguished 
by the different behaviour of their salts, with hydrofluosilicic 
acid, or before the blowpipe. Calcium may also be detected in 
the original solution by the addition thereto of sulphate of potas-f 
ftium and proof spirit. The precipitated sulphate of calcium may 
be collected on a filter, washed with proof spirit, dissolved in waieri^ 
and the resulting solution tested with oxalate of ammonium. 
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Phosphoric acid may be detected in the original solution bjr 
molybdate of ammonium and nitric acid. 

Oxalic acid is recognisable bj the effervescence produced on 
adding dilute sulphuric acid and peroxide of manganese to the ori- 
ginal substance. Or it may be detected by boiling the original acid 
solution with excess of carbonate of isodium, filtering, rendering 
the filtrate slightly acid with acetic acid, and then adding chloride 
of calcium, when a white precipitate of oxalate of calcium will be 
produced. Moreover, like phosphate of iron, oxalate of calcium 
is thrown down from its original solution in hydrochloric acid by 
addition of acetate of ammonium. 

Fluorine may be detected by treating the original substance 
with sulphuric acid, or with sulphuric acid and silica {vide par. 
106). • 

y. Magnesium in any form is not precipitated from acid 
solutions by sulphate of poUissium and proof spirit, or by acetate 
of ammonium; but, in presence of phosphoric acid, is thrown 
down from its acid solution by excess of ammcmia as a white 
crystalline deposit of triple phosphate, which may be examined 
microscopically, and if necessary be dissolved in acetic or hydro- 
chloric acid, 80 as to form a solution that may be submitted to 
further examination. 

(60.) Oxides and Sulphides. 

The oxides are generally recognised by their physical proper- 
ties, and by their not answering to the tests for any of the acids. 
Peroxides when boiled with hydrochloric acid, or with sulphuric 
acid and common salt, give off chlorine gas. The soluble hydrates 
or hydrated oxides are known by their alkalinity to test paper ; 
by their effervescing not at all, or but very slightly, upon the 
addition of an acid ; and by their giving a brown precipitate 
with solution of nitrate of silver. The solution of a hydrate is, 
moreover, distinguishable from that of a carbonate by the circum- 
stance that an admixture with it of excess of chloride of barium 
does not affect its alkaline reaction. 
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Sach of the sulphides as are soluble only in nitro-hydro- 
chloric, or in concentrated nitric acid, become by the action of the 
acid converted into sulphates. That the sulphuric acid did not, 
however, exist in the original substance, is shown by fusing this 
latter with carbonate of sodium, when the iused mass will afford 
the reactions of a soluble sulphide instead of those of a soluble 
sulphate. Some sulphides are extremely difficult to dissolve 
completely in acid, in consequence of the deposition of sulphur, 
which fuses round the unaltered substance, and prevents any action 
of the acid upon it. This is particularly the case with the sulphides 
of arsenic and mercury in their ordinary sublimed state. But 
these sulphides are easily recognised by their colour, their vola- 
tility, and by their reducibility with convendon into sublimed 
metal, when heated with soda flux, for instance. 

(61.) Acids or Salts of Hydrogen. 

The ordinary solid acids are known by their solubility in cold 
or hot water to form strongly acid liquids, which effervesce with 
alkaline carbonates, are not precipitated by the several reagents 
for the metals, and do not evolve ammonia when heated with 
caustic potaKh. The boric and phosphoric acids yield, upon 
ignition, fusible residues of boric anhydride, and metaphosphoric 
acid respectively. 

The oxalic, benzoic, tartaric, and citric acids are entirely dissi- 
pated by a prolonged heat, the two last furnishing an intermediate 
product of carbon. 

The liquid acids, namely, the sulphuric, nitric, hydrochloric, 
and acetic acids, are known by their liquidity, volatility, strongly- 
marked acid reaction, and, except the sulphuric, by their charac- 
teristic odours. They give only negative results when tested for 
bases. The sulphuric and nitric acids are easily recognised by 
their respective actions on metallic copper, and hydrochloric acid 
by its action on peroxide of manganese (vide Chapter Hi.). 

Acid salts, such, for instance, as the acid sulphates, oxalates, 
and tartrates of alkali-metal or ammonium, manifest a strongly 
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acid reaction to test-paper, and efferyesce with alkaline carbonates. 
But they either evolve ammonia when treated with caustic potash^ 
or leave a fixed residue upon ignition, which, in the case of the 
acid oxalates and tartrates, consists of alkaline carbonate. The 
acid salts of potassium react with perchloride of platinum, but 
not with tartaric acid, unless previously neutralised with soda. 

(62.) Miscellaneous Salts. 

Iodide of potassium solution reacts satisfactorily when: 
treated with tartaric acid, but yields a dark brown liquid with 
perchloride of platinum. But after its iodine has been precipitated 
with excess of nitrate of silver, and the excess of silver with 
hydrochloric acid, the filtered liquid yields with perchloride of 
platinum the characteristic yellow precipitate of potassio-chloiide 
of platinum. 

Calomel occurs as a heavy, white, volatile powder. It ia 
readily soluble in concentrated nitric acid, but in the act of 
solution becomes converted into a mercuric salt. That it was 
originally a mercurous salt is shown by the powder itself becom- 
ing black when agitated with potash-water. 

White precipitate, amido-chlc ride of mercury, or chloride 
of mercurammonium, is a mercuric compound, readily distin- 
guishable from calomel by heating it gently with potash-water, 
whereby it becomes of an orange-yellow colour, while ammoniacal 
vapours are given off. It is insoluble in water, soluble in nitric 
and hydrochloric acids, and dissipated by heat. 
. The sulphides of arsenic, known as realgar and orpiment, 
are orange or yellow coloured volatile solids. When boiled with 
nitro-hydrochloric acid, they are converted in great measure into 
arsenic acid, which may be obtained solid on evaporation. Its 
solution is precipitated very slowly by sulphuretted hydrogen, 
tmless previously reduced by treatment with sulphurous acid. 
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(63.) Liquid or Dissolved Substances. 

A few drops of the liquid are evaporated on a glass slip, and 
the residue, if anj, examined microscopically. Should there be 
an appreciable solid residue, a further quantity of liquid may be 
evaporated down in a capsule, the vapour examined for its odour 
and reaction, and the residue submitted to ignition, &c., as de« 
scribed in pars. 25 and 26. 

The reaction of the liquid to test-paper is next ascertained. 
Among volatile liquids, water, alcohol, and ether are neutral ; 
ammonia, alkaline ; and the sulphuric, nitric, hydrochloric, and 
acetic acids, strongly acid. These several liquids are readily 
distinguishable from one another by a few simple tests. 

Solutions which leave a saline residue on evaporation, and are 
perfectly neutral, will most probably prove to contain some salt 
of an alkali- or alkaline earth- metal ; salts of the heavy metals, 
with a few exceptions only, exhibiting a more or less marked 
acidity. 

Solutions which have an alkaline reaction, known by their 
turning rose paper green, turmeric paper brown, or reddened 
litmus paper blue, may contain the hydrate or sulphydrate of 
an alkaline earth-metal ; or the hydrate, sulphydrate, carbonate, 
phosphate, borate, or Hilicate of an alkali metal, or some heavy 
metal dissolved in excess of alkaline hydrate or carbonate {vide 
par. 64). 

Solutions which have an acid reaction, known by their redden- 
ing blue litmus paper, may contain a iree acid, an acid salt, or 
the normal salt of a heavy metal, in which last case the addition 
of even a drop of potash will most probably cause a precipitate. 

After the above preliminary examination, the solution may be 
tested according to the directions of Tables I., II., 111., and V. ; 
or, in some cases, the evaporated residue may be dissolved in 
water or acid, and the solution so formed be employed by pre- 
ference. The original solvent, if suspected to be other than 
water, may be distilled off, condensed in a receiver, and separately 
examined. 
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(64.) Alkaline Solutions of Heavy Metals. 

The hydrates of barium, strontium, and calcium, like those of 
the alkali metaln, are soluble in water. The hydrates of all other 
metals are insoluble, and consequently, precipitable by caustic 
alkalies. The hydrates of lead, chromium, aluminum, and zinc, 
are readily soluble in excess of potash or soda ; those of silver, 
copper, cadmium, nickel, cobalt, manganese, zinc, and magnesium 
readily, and those of chromium and iron (ferrous salts) sparingly 
soluble in CKcess of ammonia, especially in presence of neutral 
ammoniacal salts; while those of bismuth, mercury, and iron 
(ferric salts), are insoluble in excess of either reagent. On boiling 
alkaline solutions of chromium, the whole of the chromic hydrate 
is reprecipitated. 

The hydrates of the metals tin, antimony, and arsenic, 
whose sulphides are soluble in sulphide of ammonium, have 
no practical interest in analysis. The teroxide of arsenic is 
slightly soluble in water, and freely soluble in ail alkaline 
liquids. The hydrate of antimony and both hydrates of tin are 
soluble in excess of potash, while stannic hydrate is soluble also 
in excess of ammonia. The potash solution of stannous hydrate 
is decomposed on boiling into metallic tin, which is deposited 
as a black powder, and stannate of potassium which remains 
dissolved. 

The precipitates produced by carbonate of ammonium in solu- 
tions of silver, copper, nickel, cobalt, zinc, and magnesium, are 
readily soluble in excess of the reagent, especially when chloride 
of ammonium is also present, while those of iron (ferrous salts) 
and chrome are sparingly soluble. The precipitates produced in 
solutions of cadmium and manganese are insoluble in excess, as 
are also all those produced in solutions of metals whose hydrates 
are insoluble in ammonia. The precipitates produced by fixed 
alkaline carbonates are all insoluble in excess, except that pro- 
-duced in stannic salts, which dissolves in excess of the preci- 
pitant, and is again thrown down on ebullition. 
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S Vni.— INDIVIDUAL BASES OF GROUP I. 

The reactions of the individual bases of this group may be con- 
Tenientlj realised by operating with the following Hubstances : 

Tin . . The erystallised proto-chloride and precipitated peroxide. 
Absbnic . The vhite oxide. 

Antimony. The native tersnlpbide and tartar-emetic. 
Bismuth . The crystallised nitrate and precipitated oxide. 
Hebcury . Corrosive sublimate, t^^e red mercuric oxide, and the crys- 
tallised mercuTOus nitrate. 
Lead . . The oxide, carbonate, nitrate, and acetate. 
SiLTEB. . The nitrate and oxide. 
CoppEB . The sulphate and oxide. 
Cadmium . The sulphate and carbonate. 



(65.) Tin. 

Tin salts are of two kinds, stannous or protosalts, represented 
by protochloride of tin SnCl,, and stannic or persalts, represented 
by perchloride of tin SnCl4. 

o. When compounds of tin are heated upon charcoal with a 
mixture of carbonate of sodium and cyanide of potassium, a 
globule of white malleable metal is produced with very slight, if 
any, incrustation. If this globule be hammered out, and dis- 
solved in hydrochloric acid, the tests for stannous salts can be 
applied to the solution so formed. 

STANNOUS SALTS. 

a. Sulphydric acid produces a brown precipitate of proto- 
Bulphide of tin SnS, which dissolves in yellow sulphide of 
ammonium with conversion into persulphide of tin SnS„ so that 
on adding an acid to the solution, a yellow and not a brown pre* 
cipitate is separated. The protosulphide of tin first thrown down 
is converted by boiling nitric acid into a white insoluble powder 
consisting of stannic anhydride SnO,. 
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fl. Solution of corrosive sublimate^ added carefully to stannous 
solutions, produces a white precipitate of calomel HgOl, which 
speedily becomes grey, and finally black, &*om its reduction to 
the state of metallic mercury. 

STANNIC SALTS. 

a. Sulphydric acid produces a yellow precipitate of disulphide 
of tin SdS„ which is insoluble in the carbonate, but soluble 
in the hydrate and sulphide of ammonium, and reprecipitable 
therefrom on the addition of an acid. It is likewise soluble 
in boiling hydrochloric acid, more readily on the addition 
of a little nitric acid also, and is converted by concentrated 
nitric acid into a white insoluble powder of stannic anhydride 
SnO,. 

(66,) Arsenic. 

Arsenious acid is convertible into arsenic acid by boiling it 
with concentrated nitric acid, to which a little hydrochloric acid 
may be added with advantage. But in order to apply the various 
tests successfully, the acid liquid must be evaporated to dryness, 
and the residue dissolved in water. Arsenic acid is readily con- 
vertible into arsenious acid by the passage of sulphurous acid gas 
through its solution, or by heating it with sulphite of sodium and 
dilute hydrochloric acid. 

a. Sulphydric acid produces, in acidulated solutions of arse- 
nious acid, or of arsenic acid ailer the addition of sulphurous 
acid, a yellow precipitate of trisulphide of arsenic AsaSj, which is 
soluble in carbonate, hydrate, and sulphide of ammonium, and 
reprecipitated on the addition of an acid. It is insoluble in 
boiling hydrochloric acid, but is readily dissolved by hot nitric 
or nitro-hydrochloric acid. 

/3. Nitrate of silver produces in neutral or slightly ammoniacal 
solutions of arsenious acid a yellow precipitate of arsenite of 
silver AgjAsOj, and from similar solutions of arsenic acid a 
brick -dust red precipitate of arseniate of silver AgjAsO^. Both 
precipitates ore soluble in excess of either ammonia or nitric acid. 
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y. Sulphate of copper produces, tn neutral or very ikintly 
ammoniacal solutions of arsenious acid a grass-green precipitate 
of arsenite of copper HCu^AsO^, and in similar solutions of arsenic 
acid a pale blue precipitate of arseniate of copper Cu"3(As04)v 
Both precipitates are soluble in excess of either ammonia or nitric 
or hydrochloric acid. 

I, When a compound of arsenic is mixed with soda-flux, and 
heated in a subliming tube, a steel-grey ring of reduced metal 
condenses in the upper or cool part of the tube. 

(67.) Antimony. 

a. Sulphydric add produces an orange-coloured precipitate 
of trisulphide of antimony Sb^Sj, which is insoluble in carbo- 
nate, but soluble in hydrate aad sulphide of ammonium, and 
reprecipi table on the addition of an acid. It is also dissolved by 
hydrochloric acid with the aid of heat, and is converted almost 
entirely by strong nitric acid into a whit« insoluble powder, con-> 
sisting of tetroxide of antimony Sb,04. 

• /3. Water ^ added to certain antimony solutions (not to all), 
produces a white precipitate of a basic salt of antimony, soluble 
in excess of tartaric, hydrochloric, or nitric acid. 

y. Antimony compounds, when fused with carbonate of 
sodium on charcoal in the reducing flame, yield a bead of brittle 
metal with an abundant bluish-white incrustation. If the heat 
be prolonged, the metal volatilises entirely with the production 
of white fumes of teroxide of antimony ^hfiy 

(68.) Bismuth. 

a. Sulphydric acid produces a brownish-black precipitate of 
trisulphide of bismuth Bi^S^, which is insoluble in sulphide of 
ammonium. It dissolves readily in hot nitro-muriatic, nitric, ot 
hydrochloric acid. 

/3. Caustic alkalies give a white precipitate of hydrate of 
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bismuih Bt^Oj.H.O, insoluble in excess of either potash or am- 
monia. 

y. Watery when added to moderately-concentrated and not 
over-acid solutions of bismuth, causes a dense white precipitate 
of a basic bismuth salt, which does not disappear on the addition 
of tartaric acid, but dissolves in excess of nitric or hydrochloric 
acid. 

d. Bismuth compounds, when mixed with carbonate of sodium 
and heated upon charcoal in the reducing blowpipe flame, yield a 
brittle metallic globule and a yellow incrustation. 

(69.) Mercury. 

There are two classes of mercury salts, namely, the mercuroiui, 
represented by calomel HgCl, and the mercuric, represented by 
iX>rro8ive sublimate HgCl,. Certain reactions are common te 
botb^ while others are distinctive between them. 

a. An excess of mlphydric acid produces a black precipi- 
tate of mercurous sulphide Hg,8, or of mercuric sulphide HgS, 
which is insoluble in sulphide of ammonium, and also in strong 
hot nitric and hydrochloric acids taken separately, but is readily 
-soluble in a mixture of the two. An insufficiency of sulphydric 
acid produces in mercuric salts a highly characteristic white pror 
cipitate of doubtful composition, which, as the proportion of gas 
increases, becomes orange, brown, and finally black. 

/3. Protochloride of tin produces at first a white precipitate of 
calomel HgCl, which becomes in succession grey and almost 
black on adding more of the reagent and warming gently. If 
the supernatant liquor be poured off, and the deposit boiled with 
hydrochloric acid, globules of metallic mercury make their 
appearance. 

y. Mercury compounds mixed with carbonate of sodium, and 
heated in a reduction-tube, furnish a sublimate of well-defined 
merctuial ^k>bules. • 
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MERCC7ROU8 SALTS. 

a. Potash and ammonia alike produce a black precipitate, the 
former of mercurous hydrate Hg^CH^O, the latter of some amido> 
mercurous compound. 

/3. Hydrochloric acid produces a white precipitate of calomel 
HgCl, which dissolves in boiling nitric acid. It is turned black 
by ammonia, being converted into amido-mercurous chloride. 

MERCURIC SALTS. 

a. Potash gives a yellow precipitate of mercuric oxide TTgO,. 
which is turned white on the addition of ammonia, or in presence of 
an ammoniacal salt. Ammonia produces a white precipitate of 
some amido-mercuric compound. 

fi. Iodide of potassium, added carefully, produces a bright 
orange-red precipitate of mercuric iodide Hgl,, which dissolves in 
excess of the reagent, forming a colourless solution. 

(70.) Lead. 

a. Sulphydric add produces a black (occasionally red) pre- 
cipitate of sulphide of lead FbS, which is insoluble in sulphide 
of ammonium, but dissolves when heated with not too con- 
centrated nitric or hydrochloric acid. Strong nitric acid con- 
verts it into a white insoluble deposit of sulphate of lead FbS04. 

/3. Caustic alkalies give a white precipitate of hydrate of lead 
FbO.H,0, soluble in excess of potash. 

y. In moderately strong solutions, hydrochloric acid gives a 
white crystalline precipitate of chloride of lead PbCl,, which is 
soluble in boiling water, unaffected by ammonia, and soluble in 
great excess of potash. 

^. Dilute sulphuric acid or a dissolved sulphate gives a dense 
white precipitate of sulphate of lead FbSO^, which is insoluble in 
dilute acids, soluble in strong hydrochloric acid with the aid of 
.heat, and also in a large excess of potash. 

t2 
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e. Lead compounds, when fused with carbonate of sodium and 
charcoal in the reducing blowpipe flame, yield a globule of soft 
metal and a bro¥nii8h-yellow incrustation. 

(71.) Silver. 

a. Sulphydric acid gives a black precipitate of sulphide of 
silver AgaS, insoluble in sulphide of ammonium, soluble in warm 
nitric acid, and converted by ebullition with hydrochloric acid 
into a white deposit of chloride of silver AgCL 

/J. Caustic alkalies give a brown precipitate of hydrate of 
silver Ag,O.HaO. which is insoluble in excess oi* potash, but soluble 
in ammonia, forming a colourless solution. 

y. Hydrochloric add gives in solutions of silver salts a white 
precipitate of chloride of silver AgCl, which is insoluble even in 
boiling nitric acid, but readily soluble in ammonia. The colour 
of the precipitate changes to a slate-purple by exposure to light. 

I, Silver compounds, when fused with carbonate of sodium 
upon a charcoal support in the reducing blowpipe flame, yield a 
button of hard white malleable metal, without any incrustation 
being formed on the charcoal. 

(72.) Copper. 

o. Sulphydric acid produces a dark-brown precipitate of 
sulphide of copper GuS, which is insoluble in sulphide of 
potassium, and but sparingly soluble in sulphide of ammonium. 
It dissolves readily in nitric but not in hydrochloric acid, save by 
an application of heat 

/3. Potash gives a pale blue precipitate of hydrate of copper 
CuCHaO, which is insoluble in excess, and converted by ebullition 
into black oxide of copper CuO. Ammonia gives a similar blue 
precipitate of hydrate of copper, which is soluble in excess of the 
reagent, £>rming a deep blue solution, the transparency of which 
is not affected by the addition of a moderate quantity of potash. 
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The pale-hlue precipitate produced by carbonate of ammonium is 
also readily soluble in excess of the reagent, with production of a 
deep blue liquid. 

y. Ferrocynnide of potassium gives a chocolate-coloured preci- 
pitate of ferrocyanide of copper CuaFeCygi which is decomposed by 
caustic potash, and is then freely soluble in ammonia, forming a 
deep blue liquid. 

I. A piece of clean iron or steel dipped into an acidulated 
copper solution becomes coated with metallic copper, which may 
be diBSolved off by the conjoint action of ammonia and air into a 
deep blue liquid. 

€. The borax bead heated with a particle of any copper-com- 
pound becomes blue or green in the oxidising, and nearly 
colourless or reddish-grey in the reducing, flame. 

(73.) Cadmium. 

a. The precipitate of sulphide of cadmium GdS, produced by 
sulphydric acid^ is of a bright yellow colour, and insoluble in 
sulphide of ammonium. It disappears readily on the addition 
of nitric or hydrochloric acid, and does not form in very acid 
solutions. 

/3. Caustic alkalies give a white precipitate of hydrate of 
cadmium CdO.H,0, soluble in excess of ammonia, but not in that 
of potash. The precipitate produced by carbonate of ammonium 
does not disappear in excess ot the reagent. 

y. Cadmium compounds, fused with carbonate of sodium in 
the reducing blowpipe Ijame, give a reddish-brown incrustation 
of oxide of cadmium CdO, but no bead of metal. 



^ 
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I IX.— INDIVIDUAL BASES OF GBOUP n. 

The reactions of the individual bases of this group may be 
conyeniently realised by operating with the following substances: 

NiCKXL . . The oxide and sulphate. 

Cobalt . . The oxide. 

Mamoambss. The sulphate, chloride, and carbonate. 

laoir . . . The red and black oxides, the sulphate and sulphide. 

ZmfQ . . . The oxide and sulphate. 

Chbomittx . The precipitated oxide and chrome alum. 

AxuMiiajM . The hydrate and sulphate. 

(74.) Nickel. 

Solutions of nickel are generally of a green colour. 

a. Sulphide of ammonium gives with nickel salts a black pre* 
cipitate of sulphide of nickel NiS, not soluble in hydrochloric acid 
until afler the addition of a drop or two of nitric acid. 

/3'. Ammonia gives a slight greenish precipitate of hydrate of 
nickel NiO.H,0, soluble in excess of the reagent, forming a violet- 
blue liquid, from which potash reprecipitates the green hydrate. 
Moreover, potash throws down this hydrate readily from all ordi- 
nary nickel solutions. 

y. In the reducing flame, nickel renders the borax bead pur- 
plish-grey and turbid, and in the oxidising flame of a dark sherry 
colour with a tinge of violet. If a fragment of nitre be added, 
and the bead again heated in the oxidising flame, a well-marked 
purple colour is produced. 

{75.) Ck)BALT. 

Cobalt solutions are pink when dilute, blue when concen- 
trated. 

a. Sulphide of ammonium gives with cobalt salts a black 
precipitate of sulphide of cobalt CoS, not soluble in hydro- 
chloric acid until after the addition of a few drops of nitfic 
add. 
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p. Potash gives a blue precipitate of prothjdrate of cobalt 
CO.H,0, insoluble in excess of the precipitant. Excess of ammonia, 
especially in presence of chloride of ammonium/ produces' a 
brownish-pink solunon, becoming brown and opaque on exposure^ 
to air, from the deposition of the insoluble sesquihjdrate. 

y. Cobalt compounds impart to the borax bead, when heated 
in either flame of the blowpipe, a deep sapphire-blue colbun 



{76,) Manganese. ! 

Manganese solutions are of a faint pink tinge, or altogether 
colourless. 

a. Sulphide of ammonium gives a buff-coloured precipitate of 
sulphide of manganese MnS, soluble even in acetic acid. 

ft. Potash gives a white precipitate of prothydrate of manga- 
nese MnO.H,0, speedily becoming brown on exposure, from . its 
conversion into the sesquihydrate Mn,03.H,0. If to the solution 
of a manganous salt containing chloride of ammonium, an excess 
of ammonia be added at once, a clear colourless solution will be 
produced, quickly becoming brown and opaque when exposed t6 
the air, from a conversion of the soluble proto- into the insoluble 
sesqui-compound. 

y. The borax bead with manganese is amethyst-red in the 
oxidising, and nearly colourless in the reducing, flame. Its 
appearance is much interfered with by the presence of a trace of 
iron. 

^. Compounds of manganese, fiised upon platinum foil with 
carbonate of sodium in the oxidising flame of the blowpipe, 
either with or without the addition of a little nitre, yield a bluish- 
green fusible mass of manganate of sodium Na^MnO^, For-^his 
experiment but a very small quantity of the manganese compound 
should be employed. 
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('^J.) Iboh. 

There are two classes of iron salts, namely, ferrous or proto- 
salts, represented by green vitriol FeS04, and ferric or persalts, 
represented by sesqnichloride of iron FeClj or Fe,Cl«. The proto- 
salts are rarely ever free from some admixture with persalts. 

o. Sulphide of ammonium gives a black precipitate of protosul- 
phide of iron FeS, readily soluble in hydrochloric acid. The 
precipitate, when thrown down from ferric salts, is accompanied 
by free sulphur. 

• /3. Iron compounds dissolve in the borax bead, forming a glass 
which is of a bottle-green colour in the reducing, and of a yellow- 
iah-brown colour in the oxidising, flame. Ferrous compounds 
give the green, and ferric compounds the yellow, colour most 
readily. 

FERROUS SALTS. 

Ferrous solutions are generally colourless, or of a pale green 
tint. 

a. Caustic alkalies give a dingy green precipitate of ferrous 
Jiydrate FeO.H,0, which becomes red on exposure to air. The 
pure, nearly white prothydrate is sparingly soluble in excess of 
ammonia and chloride of ammonium. 

/J. Ferrocyanide of potassium gives a pale blue precipitate of 
double ferrocyanide of iron and potassium K.Fe.Cyg, which be- 
comes dark blue on exposure to air. 

y. Ferridcyanide of potassium gives a dark-blue precipitate qf 
ferridcyanide of iron FejCy,,, or Fe'jFe.'^Cy,,, insoluble in dilute 
acids and decomposible by caustic alkalies. 

FERRIC SALTS. 

Ferric solutions are generally of a yellow, brown, or red 
iolour. 

a. Caustic and carbonated alkalies alike give a brick-dust red 
precipitate of ferric hydrate Fe.Oj.H.Q, accompanied in the case 
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of the carbonates by an evolution of carbonic acid. The 
precipitate is quite insoluble in the hydrates of potassium and 
ammonium, and also in their respective carbonates at a boiling 
heat. 

/?• Ferrocj^anide of potassium gives a deep blue-coloured 
precipitate of sesquiferrocyanide of iron FeyCyigt ^^ ^^"iPe'^fijiBt 
insoluble in dilute acids, and decomposible by caustic alkalies. 
The ferridcyanide does not produce any precipitate, but gives to 
the ferric solution a colour which is brown or red according to 
circumstances. 

y, Sulphocyanate of potassium imparts to ferric solutions a 
deep red colour, from the formation of ferric sulphocyanate 
FeCjaSj, or Fe(CyS)3. 

(78.) Zinc. 
Zinc solutions are usually colourless. 

a. Sulphide of ammonium gives a white precipitate of sulphide 
of zinc ZnS, which is insoluble in acetic, but readily soluble in 
hydrochloric, acid. Unlike most zinc precipitates, it is insoluble 
in any alkaline solution. 

/3. Caustic alkalies give with solutions of zinc a white pre- 
cipitate of hydrate of zinc ZnO.H.O, soluble in a large excess of 
the precipitant. Alkaline carbonates also give a white precipi- 
tate of a highly basic carbonate of zinc, insoluble in excess of the 
fixed alkaline carbonates, but soluble in presence of ammoniacal 
salts. 

y. Zinc salts, heated on platinum foil, leave a fixed infusible 
residue, which is yellow when hot, white when cold. After being 
moistened with solution of nitrate of cobalt, and reignited in the 
blowpipe flame, it assumes a fine green colour. 

Z. Zinc salts, mixed with carbonate of sodium or cyanide fiux> 
and heated in the reducing blowpipe fiame, deposit upon the 
charcoal an incrustation which is yellow when hot, white when 
cold, and green after ignition with nitrate of cobalt. 
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(79.) CHROinnif. 

Solutions of chromic salts are mostly of a green or violet 
colour. 

0. Caustic alkalieSy their sulphides or sulphydrates, and ear- 
hontUes throw down from chrome solutions a greenish precipitate 
of hydrate of chrome Cr,03.H,0, which is slightly soluble in excess 
of ammonia, more so in excess pf potash, and in each instance 
teprecipitable on boiling. Its production by sulphides and car- 
bonates respectively is accompanied by an evolution of sulphydric 
or carbonic acid. 

ft. Chrome imparts to the borax bead a fine green colour, per- 
manent in both flames of the blowpipe. 

7. When a chrome compound is fused on platiniun foil with 
a little carbonate of sodium and nitre, a yellow mass of chromate 
of sodium Na.CrO^, is produced, which dissolves in water to form 
a solution, giving with acetate of lead a yellow precipitate of 
chromate of lead PbCr04. 

(80.) Aluuinum. 

a. Caustic alkalies^ their carbonates and sulphides or sulphy- 
drateSy give with aluminous solutions a white gelatinous precipi- 
tate of hydrate of aluminum Alfi^Bfi, which is soluble in excess 
of potash, but reprecipitated on the addition of chloride of am- 
monium. The action of the carbonates and sulphides respec- 
tively is accompanied by an evolution of carbonic or sulphydric 
acid. 

ft. Salts of aluminum, when heated on charcoal or platinum 
foil, leave a white, infusible, highly incandescent residue, which, 
when moistened with nitrate of cobalt solution and reignited in 
the blowpipe flame, assumes a bright blue colour. 
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§ X.— INDIVIDUAL BASES OF GROUP HI. 

The reactions of the individual bases of this group may be 
conveniently realised hj operating with the following si^bstances: 

Babiux . . The carbonate, nitrate, and chloride. 

Stbontiux . The carbonate and nitrate. 

Calcium . . The hydrate, carbonate, phosphate, oxalate, and sulphate. 

Magnesium . The oxide, carbonate, and sulphate. 

Potassium . The nitrate and sulphate. 

Sodium . . The carbonate, sulphate, chloride, and phosphate. 

[ Ammonium . The sulphate, chloride, carbonate, phosphate, and oxalate. 

(81.) Barium, Stroio'iuu, CALauM. 

These three metals possess many properties in common. 

. a. Their hydrates MO.H,0 or M(HO)., are all soluble in water, 
so that the addition of caustic alkali, if perfectly free from car- 
bonate, does not disturb their solutions. Their sulphides and 
sulphydrates are also soluble. 

/3. The following salts of these metals are insoluble in water, 
namely, the oxalates, phosphates, carbonates (even in the presence 
of ammoniacal salts), and sulphates, sulphate of bariimi being 
the most insoluble, sulphate of calcium the least so. Hence 
neutral barium, strontium, and calcium salts are precipitated by 
soluble oxalates, phosphates, carbonates and sulphates. 

y. When a barium, strontium, or calciimi salt is ignited on 
platinum foil, a white fixed residue remains, which, except in the 
ease of the chlorides, is usually infusible. When moistened with 
solution of nitrate of cobalt and reignited, the infusible mass 
acquires an ill-defined grey colour. 

(82.) Barium. 

• a. Sulphuric acid and solutions of all mlphated^ even when very 
dilute, give with barium salts a white precipitate of sulphate at 
barium BaS04, insoluble in acids and alkalies. 
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j3. HydrofluoBilicic acid produces in acid and neutral solutions 
a somewhat transparent precipitate of fluosilicate of barium 
BaSiF^, tlie deposition of which is much facilitated by the addition 
of a little alcohol. 

y. Banum salts, when intensely heated before the blowpipe 
upon a fine platinum wire, impart a marked apple-green colour to 
the flame. 

(83.) Strontium. 

a. Sulphuric add and solutions of most sulphates, give a pre- 
cipitate of sulphate of strontium SrS04, insoluble in acids and 
alkalies, very sparingly soluble in water. Strontium salts are not 
precipitated by solution of sulphate of strontium, and very slowly 
by solutions of the sulphates of calcium and potassium. 

/3. Strontium salts, when intensely heated before the blowpipe 
upon a fine platinum wire, impart a deep crimson colour to the 
flame. 

(84.) Calcium. 

a. Sulphuric acid and strong solutions of sulphates give with 
moderately strong calcium solutions a white precipitate of sulphate 
of calcium CaS04, slightly soluble in water, insoluble in proof- 
spirit. But dilute calcium solutions are not precipi table by any 
sulphate ; while even strong solutions are not precipitable by the 
sulphates of strontium, calcium, and scarcely by that of potassium. 

/}. Oxalate of ammonium produces in neutral calcium solutions 
a white precipitate of oxalate of calcium CaC,04, soluble in nitric 
and hydrochloric acids, insoluble in acetic and oxalic acids, and 
insoluble in ammonia. 

7. Calcium salts impart a fine orange-red colour to the blow- 
pipe flame. 

(85.) Magnesium. 

o. Sulphydrate and sulphate of magnesiimi are soluble in 
water. Hence magnesian salts are not precipitated by soluble 
sulphydrates and sulphates. 
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j3. Hydrate, carbonate, oxalate, phosphate, and arseniate of 
magnesium, are insoluble in water. Hence magnesian salts are 
precipitated by soluble hydrates, carbonates, oxalates, phosphates, 
and arseniates. But all magnesian precipitates, excepting the 
phosphate and arseniate, are soluble in ammoniacal solutions. 
When phosphate of sodium or ammonium is added to a solution 
of magnesium containing chloride of ammonium and r<'ndered 
alkaline by ammonia, a white crystalline precipitate of triple 
phosphate Mg(NH4)P04, is produced, which is soluble in dilute 
acids, insoluble in ammonia and ammoniacal Halts. 

y. Magnesium compounds, heated on charcoal or platinum 
foil, leave a white fixed infusible residue, which when moistened 
with nitrate of cobalt solution and reignited in the blowpipe 
flame assumes a faint pink colour. 

(86.) Potassium. 

a. All simple potassium salts, except the acid-tartrate, are 
moderately soluble in water. Tartaric acid added in excess to 
the neutral or alkaline solution of a potassium salt throws down a 
white crystalline precipitate of cream of tartar KH5C4O6, which 
frequently does not appear immediately. Its deposition is facili- 
tated by stirring the mixed liquids, and by the addition of a little 
alcohol to them. It is soluble in mineral acids, in hot water, and 
in a large excess of cold water. 

/3. Perchloride of platinum when added to neutral or acid 
solutions of potassium throws down a yellow crystalline precipi- 
tate of potassio'chloride of pLitinum K,PtClft or 2KCl.PtCl4. The 
solution should generally be acidulated with a few drops of 
hydrochloric acid before being tested. The precipitate does not 
always appear immediately : its production is &,cilitated by stir- 
ring and by the addition of a little alcohol. 

y. Potassium salts when heated on charcoal or platinum foil 
leave a fixed and generally fusible residue. When heated before 
the blowpipe they impart to the flame. a marked violet colour, 
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which, however, is not recpgnisable in the presence of even a 
small quantity of sodium. 

(87.) Ahmonium. 

a. All simple ammoniacal salts, except the acid tartrate, are 
freely soluble in water. Tartaric acid reacts upon ammoniacal 
as upon potassium salts. The resulting precipitate of acid tartrate 
of ammonium (NH4)H5C406, is, however, more soluble in water 
than the corresponding potassium compound, and consequently 
does not form, save when the ammoniacal solution is moderately 
concentrated. 

/3. Perchloride of platinum reacts upon ammoniacal salts to form 
the ammonio-chloride of platinum (SK^^VtCley or 2NH4Cl.PtCl4, 
which closely resembles the corresponding potassium compound 
in its appearance, solubility, and mode of deposition. 

7. When any ammoniacal salt is boiled with potash or lime, 
ammoniacal vapour is given off, which is recognisable by its 
smell, by its action on test paper, and by its forming opaque 
fumes when brought into contact with the vapour of hydro- 
chloric acid. 

^. All ammoniacal salts volatilise partly, most of them entirely, 
when heated upon platinum foil or charcoal. 

(88.) Sodium. 

a. Sodium solutions are non-precipitable, all simple sodium 
salts being soluble in water. 

fi. Sodium salts when heated on platinum foil or charcoal leave 
a fixed residue, almost always fusible, and impart an intense 
yellow colour to £ame. 

§ XI.— REACTIONS OF INDIVIDUAL ACIDS. 

(89.) Chromates. 

Chromates are usually of a yellow or red colour, and, except 
(those of the alkali metals, are more or less insoluble in water. 
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a. (}hromates acidified with hydrochloric acid, and treated 
with sulphuretted hydrogen, yield a deposit of sulphur, and a 
green solution of chromic chloride, GrCl, or Cr,Cl«. The same 
compound is produced on boiling the solution of a chromate with 
hydrochloric acid and a little alcohol. To it the ordinary tests 
for chrome salts can be applied. 

/3. Nitrate of silver gives a dark red precipitate of chromate of 
silver Ag,C5p04, soluble in nitric acid. Nitrate of barium and 
acetate of lead throw down yellow precipitates of the chromatea 
of the respective metals, 

(90.) Nitrates. 

The nitrates are soluble or non-precipitable salts, which de- 
flagrate when ignited upon charcoal or with organic matter. 

a. When a niti*ate, or the concentrated solution of a nitrate, is 
gently heated with sulphuric acid and a few copper turnings^ 
brown fumes of peroxide of nitrogen N.O^, are evolved, which 
tedden, but do not bleach, litmus paper, and produce 
a purple colouration on starch paper moistened with ^«- ^^- 
iodide of potassium. 

/3. A solution of protosulphate of iron carefully 
poured upon sulphuric acid, to which a minute por- 
tion of a solid or dissolved nitrate has been added, 
produces a deep brown halo at the junction of the 
two liquids, as seen in fig. 36. 

y. When a minute quantity of gold-leaf \?^ boiled 
in hydrochloric acid, no action is produced ; ^ut, on 
the addition of a little nitric acid or a nitrate, the 
gold quickly disappears, and may be detected in 
•solution by protochloride of tin, which gives rise to 
a purplish precipitate. 




(91.) Chlorates. 
The chlorates, like the nitrates, are sohible or non-precipitabM 
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salts, which deflagrate when ignited upon charcoal or with organic 
matter. 

a. Strong sulphuric acid added to a solid chlorate produces a 
brown colouration with crackling detonation, especially when 
gently warmed. The experimeut should be made carefully, and 
with but a small quantity of the salt, for fear of an explosion and 
scattering of the acid. 

/3. The addition of some solid or dissolved chlorate to hydro- 
chloric acid enables it to bleach litmus and dissolve gold-leaf. 
Strong hydrochloric acid reacts with a moderate quantity of 
a solid chlorate to produce a greenish-yellow gas known as 
euchlorine. 

y. Chlorates of alkali-metal, when heated alone, and other 
chlorates, when heated with carbonate of sodium in a reduction 
tube, evolve oxygen, known by its inflaming a piece of incan- 
descent wood ; and leave a residue of alkaline chloride^ recog- 
nisable by adding nitrate of silver to its solution previously 
acidified with nitric acid, when a white precipitate of chloride of 
silver is thrown down. 

(92.) Carbonates. 

On adding hydrochloric or slightly diluted sulphuric acid to a 
solid or dissolved carbonate, eflervescence of carbonic anhydride 
CO,, is produced, either immediately or on gently warming. The 
gas is firee from any marked smell, and does not aflect lead paper, 
but turns lime water milky, from the precipitation of carbonate 
of calcium CaCOj. It may be tested by means of the apparatus 
shown in fig. 37 ; or, being one and a half times as heavy as air, 
it may be generated in one test tube, and then carefully poured 
into another containing some lime water, with which it is to be 
agitated. The lime water may be replaced by baryta-water or a 
solution of basic acetate of lead. 

/3. Soluble carbonates give precipitates with salts of silver, 
barium, calcium, <&c., <&c., which disappear with eflervescence on 
the addition of any acid. 
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Fig. 37. 




(93.) Sulphides and Sulphtdrates, 

a. Most sulphides when acted upon by hydrochloric or mode- 
rately dilute sulphuric acid, especially 
on the application of heat, evolve sul- 
phuretted hydrogen, which is known 
by its offensive smell, and by the 
brown or lustrous black stain it pro- 
duces on lead paper. All sulphides, 
when fused with carbonate of sodium 
in a porcelain capsule, leave a residue 
which disengages sulphuretted hydro- 
gen upon the addition of an acid. 
The residue, moistened with water, 
gives a black stain to silver coin, and 
a purple colouration with nitroprus- 
side of sodium (vide /3 and y). 

/3. Soluble sulphides, including sul- 
phide of hydrogen, give with nitrate 
of silver a black precipitate of sul- 
phide of silver AgaS, which does not 
disappear on the addition of cold nitric 
acid. They also produce a black stain 
on metallic silver, or acetate of lead 
paper. The precipitate of sulphide 
of lead PbS, thrown down from any 
dissolved lead salt, is not affected by 
dilute mineral acids, save on the ap- 
plication of heat. 

y. Nitroprusside of sodium produces a magnificent purple 
colouration with soluble sulphides, even when extremely dilute. 
The effect, however, is not obtained with sulphide of hydrogen 
until after the addition of a drop or so of alkali. 

^. Many sulphides, when heated in a glass tube open at both 
ends, evolve sulphurous anhydride SO,, which is known by its 




130 XZAIONATION VOS ACIDS. 

smell of baming sulphur, and by its producing a purple stain on 
starch paper moistened with iodic acid. 



(94.) Sulphites. 

a. Hydrochloric or sulphuric acid causes an effervescence of 
sulphurous acid or anhydride SO,, known by its smell of burning 
sulphur, and by the purple colouration it gives to starch paper 
moistened with iodic acid. On the addition of a fragment of 
zinc, the sulphurous is replaced by sulphydric acid, known by it9 
effect on lead paper. Hyposulphites behave in a similar 
manner, except that the effervescence of sulphurous aoid is 
accompanied by a depoaition of yeUow sulphur. 

/3. Perchloride of iron produces in neutral solutions a red 
colouration, which disappears on the addition of a strong acid, 
and is destroyed by boiling, with formation of a brown deposit of 
ferric oxide. 

(95.) Sulphates. 

a. Nitrate or chloride of barium throws down an opaque white 
precipitate of sulphate of barium BaS04, which does not dis- 
appear on the addition of hydrochloric or nitric acid even at a 
boiling heat. But in presence of a large excess of nitric acid 
a portion of sulphate of barium remains in solution. The seleniate 
and silicofluoride of barium resemble the sulphate in being 
precipitable from acid solutions ; but, when boiled with strong 
hydrochloric acid, the seleniate dissolves with evolution of 
chlorine, while the silicofluoride, which is very transparent, 
dissolves, with the exception of a little silica. 

(96.) Chlorides. 

a. Nitrate of silver produces a white clotty precipitate of 
chloride of silver AgCl, which becomes slate-coloured on ex- 
posure to light. It is insoluble even in boiling concentrated 
nitric acid, but is readily soluble in ammonia. When heated in a 
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poTcelain capsule, it does not undergo decomposition, but simply 
fuses. 

/3. Chlorides, when heated with strong sulphuric acid, save 
those of mercurj, silver, and tin, evolve hydrochloric acid gas,* 
known by its pungent smell and acid reaction. When heated 
with peroxide of manganese and sulphuric acid, chlorine gas is 
given off, recognisable by its irritant odour, green colour, power 
of bleaching litmus, <&c., and by the purple stain it produces on 
a piece of starch paper moistened with iodide of potassium. 

(97.) Bromides. 

a. The precipitate of bromide of silver AgBr, produced by 
nitrate of silver in solutions of bromides, closely resembles the 
chloride, except that it has a faint tinge of yellow and is less 
readily soluble in ammonia. 

/5. Bromides when heated with strong sulphuric acid, with or 
without the addition of peroxide of manganese, evolve bromine, 
which is recognised by the red colour and irritant smell of its 
vapour, by its bleaching litmus, and turning starch paper yellow. 

(98.) Iodides, 

a. The precipitate of iodide of silver Agl, produced by nitrate 
of silver in solutions of iodides, is of a pale yellow colour, in- 
soluble in, but turned white by, ammonia, and in other respects 
similar to the chloride. 

/3. A sufficiency of chloride of mercury produces a scarlet pre- 
cipitate of iodide of mercury Hgl, ; while acetate of lead throws 
down a yellow precipitate of iodide of lead Pbl„ somewhat soluble 
in boiling water, and deposited therefrom on cooling, in golden 
scales. 

y. Iodides when acted upon by strong sulphuric acid with or 
vrii\iO\xt peroxide of manganese, evolve iodine, known by its violet 
vapour, staining starch paper purple. 

k2 
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Z, A drop or two of chlorine water, or of nitric or preferably 
nitro-hydrochloric acid, added to a dissolved iodide, causes a 
liberation of its iodine, which, if in any quantity, imparts a yellow- 
brown colour to the liquid. But in presence of dilute starch 
paste, a deep purple colour is developed ; and chloroform or 
disulphide of carbon shaken with the liquid becomes of a bright 
pink or crimson colour. 

(99.) Cyanides. 

a. Nitrate of silver throws down a white clotty precipitate of 
cyanide of silver AgCl, not altered in colour by exposure to 
light. It is readily soluble in ammonia, insoluble in. cold, but 
soluble in boiling concentrated nitric acid. 

The white precipitates produced by nitrate of silver in ferro- 
cyanide and sulphocyanate solutions, and the brown preci- 
pitate produced in ferridcyanide solutions are insoluble in 
tiitric acid. 

ft. When a mixture of ordinary sulphate of iron and potash is 
added to a simple cyanide, no obvious effect is produced, but on 
acidification with hydrochloric acid the imaltered hydrates of 
iron are dissolved, and Prussian blue or sesquiferrocyanide of 
iron, FeyCyis or Fe/Cyg, Fe/"Cy,a, is left as a deep blue precipitate. 

y. Cyanides, including cyanide of silver, when acted upon by 
yellow sulphide of ammonium^ are converted into sulphocyanates 
MCyBa. After evaporating to dryness, to expel the excess 
of sulphide of ammonium, perchloride of iron gives a deep 
red colouration due to the production of ferric sulphocyanate 
Fe"'(CyS)3. 

(100.) Phosphates. 

a. Sulphate of magnesium added to a phosphate solution 
rendered alkaline by ammonia, and containing chloride of ammo- 
nium, produces a white crystalline precipitate of phosphate of 
magnesium and ammonium Mg(NH4)P04, readily soluble in acids. 
The formation of the precipitate is &cilitated by rubbing the 
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inside of the tube with a stirring rod. Chloride of barium or 
calcium produces in neutral or ammoniacal phosphate solutions a 
white precipitate of phosphate of calcium or bariuni, soluble even 
in acetic acid. 

/3. Nitrate of silver added to a neutral or nearly neutral phos- 
phate solution, produces a yellow (under certain circumstances 
white) precipitate of phosphate of silver Ag3P04, soluble in 
ammonia and dilute nitric acid. 

y. Per chloride of iron produces in phosphate solutions which 
are neutral, or acid only with acetic acid, a pale brown precipitate 
of phosphate of iron Ffe"T04. An excess of acetate of ammo- 
nium may be added to a solution of phosphate of magnesium or 
calcium in the smallest sufficient quantity of hydrochloric acid, 
whereby the free hydrochloric is replaced by free acetic acid. 
Then, on adding a drop of perchloride of iron, a deep red 
colour, speedily changing into an opaque white cloud, is pro- 
duced. On adding more perchloride of iron gradually, until the 
liquid remains permanently red, and afterwards boiling and filter- 
ing, a colourless filtrate is obtained, free alike from phosphoric acid 
and iron, but containing chloride of calcium or magnesium. 

I, Excess of molyhdate of ammonium added to a phosphate 
solution containing free nitric acid, produces, either immediately 
or on gentle warming, a bright yellow precipitate of a phosphb- 
molybdate of ammonium of uncertain composition. 

Except that the arseniate of silver is brick red instead of yellow 
or white, all the above described reactions apply equally tx) 
arsenic and phosphoric acids. Arsenic acid may, however, be 
got rid of by treatment of its solution with sulphurous acid and 
sulphydric acid in succession, or by prolonged treatment "v^^ith 
sulphydric acid alone (vide par. 66). 

(10 1.) Oxalates. 

Unlike most organic acids, save those which volatilise without 
decomposition, neither oxalic acid nor its salts become charred by 
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the action of heat or strong sulphuric acid. They effenreace with 
dilute sulphuric acid and peroxide of manganese. 

a. Oxalates soluble in water, or oxalates soluble in acid afler 
the addition of acetate of ammonium, give with chloride or even 
sulphate of calcium a white precipitate of oxalate of calcium 
CaCa04, insoluble in ammonia and in acetic acid, but soluble in 
dilute mineral acids. 

/3. Nitrate of silver and chloride of barium give with neutral 
oxalates white precipitates of oxalate of silver Agfifl^ and 
oxalate of barium BaCaO^, respectively, soluble in dilute mtiiCy 
but insoluble or very sparingly soluble in acetic acid. 

(102.) Tartrates. 

Tartaric acid and tartrates, when ignited, evolve a peculiar 
odour, and leave an abundant charcoal. They become blackened 
when heated with strong sulphuric acid ; whereas citric acid and 
the citrates acquire only a yellow colour. 

a. Chloride of calcium produces in neutral tartrates a white 
precipitate of tartrate of calcium Ca'^4C406, soluble even in 
acetic acid. On heating the washed precipitate with aqueous 
potash, filtering the mixture and boiling the filtrate, a white tnr* 
bidity is produced which disappears on cooling. Chloride of 
calcium does not precipitate neutral citrates in the cold ; but, upon 
boiling, a temporary white turbidity is produced. 

/?. Nitrate of silver throws down from neutral tartrates a white 
precipitate of tai*trate of silver AgaH^C^Og, soluble in dilute nitric 
acid and in ammonia, and decomposed on boiling, with black- 
ening and reduction. Chloride of barium does not precipitate 
tartrates in the presence of ammoniacal salts or free acid. 

y. Neutral tartrates of potassium, and of sodium and ammo- 
nium in presence of chloride of potassium, yield, on acidification 
with acetic acid, a white crystalline precipitate of cream of 
tartar, or acid tartrate of potassium 'KHfifi^ which deposits 
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most readily on stirring, and is soluble in boiling water and 
mineral acids. 

(103.) Acetates. 

a. Percklortde of iron added to a neutral acetate produces 
a deep red colour, from the formation of peracetate. of iron 
Fe'*(H3CaO,)j. The colour is destroyed on the addition of a 
mineral acid, or on boiling ; in the latter case with fi>rmation of 
an ochry deposit. 

/5. Nitrate of silver produces, in concentrated solutions only, a 
white precipitate of acetate of silver AgH.fi fi^^ soluble in hot 
water, in dilute nitric acid, and in ammonia. 

y. On warming a solid acetate, or its concentrated solution, 
with sulphuric acid, acetic acid is liberated, recognisable by its 
well-known smell ; but in presence of alcohol the fragrant vapour 
of acetic ether (C,H5)H3C,0,, is evolved instead. 

(104.) BenzoaTes. 

Benzoates evolve the characteristic smell of benzene upon 
ignition, and yield a sublimate of benzoic acid when warmed 
with strong sulphiuric acid ; but in neither case do they imdergo 
much charring. 

a. Perchloride of iron gives with neutral benzoates a brownish- 
yellow precipitate of perbenzoate of iron re"'(H5C70,)3, which 
dissolves completely in warm dilute hydrochloric add forming a 
solution from which benzoic acid crystallises out on cooling. 

/3. Nitrate of silver gives a white clotty precipitate of benzoate 
of silver AgHjO^O,, soluble in hot water, in dilute nitric acid, 
and in ammonia. 

(105.) Borates. 

Borate solutions have usually an alkaline reaction to test-paper. 
Several borates are sparingly soluble, but none of them insoluble 
in water; whence dilute solutions of borates are non-precipitable. 
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o. Alcohol added to a mixture of sulphuric acid and a borate, 
bums with a marked green iiame, the colour of which is best 
brought out on stirring the burning mixture. 

/S. The solution of a borate, acidified with hydrochloric acid, 
has the property of turning turmeric paper of the brown colour 
usually caused by alkalis. Even with dilute solutions the 
colouration becomes well marked on drying the paper. The 
acidification of not too dilute borate solutions is attended with 
the precipitation of boric or boracic acid H3BO3. 



(106.) Fluorides. 

a. Fluorides, when gently heated with strong sulphuric acid, 
evolve hydroriuoric acid vapour HF, which becomes opaque in 
moist air, and has a Yery pungent, irritating smell. The expe- 
riment is best made in a platinum cruciblei but shoidd a test- 
tube or watch-glass be employed, its interior will afterwards 
be foimd corroded. When a piece of flat glass, covered with a 
layer of beeswax, through which some markings have been 
scratched, is exposed for a little while to the action of the 
vapour, the markings become permanently etched upon the glass, 
and ^ven if very slight may be rendered evident by breathing 
upon its well-polished surface. 

ft. Fluorides, mixed with silica or any silicate, and warmed 
with sulphuric acid, evolve gaseous fluoride of silicon SiF^ as a 
pungent, irritating gas, rendered opaque and acid by moist air, 
in consequence of the following decomposition :— 

3SiF4 + 3H,0 = zH^SiFfi + HaSiO^ or H,0JSiOa, 

Hence the wetted surface of a strip of glass, dipped into the 
gas, or the moist interior of a tube through which it is trans- 
mitted, as shown in ^g. 38, soon acquires an opaque coating of 
silica. 

y. The soluble fluorides of potassiimi and sodium give with 
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chloride ofcalciuin or chloride of barium a gelatinous white pre- 
cipitate, soluble in hydrochloric acidy slightly soluble in am- 
moniacal salts, and scarcely at all soluble in acetic acid ; though, 
indeed, the precipitated fluoride of calcium CaF,, or of barium 
BaFa, is oflen accompanied by some silicofluoride insoluble in 
hydrochloric acid. Fluor-spar, or native fluoride of calcium, is 
not readily soluble in hydrochloric acid, but an available solution 
may be obtained by digesting the finely-powdered 
spar for some time in the strong acid, and then boiling -^^S- S^* 
the mixture after dilution with water. 

(107.) Silicates. 

Silicates of potassium and sodium, when not con- 
taining an excess of silica, are soluble in water, but all 
other silicates are insoluble. 

a. On acidifying the solution of a silicate of alkali- 
metal with hydrochloric acid complete decomposition 
takes place, most usually with precipitation of some 
silicic acid in the gelatinous form, while another por- 
tion remains dissolved in the acid liquid. Under cer- 
tain circumstances, however, as when the silicate solu- 
tion is rather dilute, or when it is added at once to an 
excess of hydrochloric acid, there may not be any pre- 
cipitation whatever. But in any case, upon evaporating 
down the clear acidified solution, the whole of the dissolved silicic 
acid separates out in the form of silica, which, after drying, is 
insoluble both in acid and alkaline solutions. The precipitate of 
gelatinous silicic acid is readily soluble in solutions of caustic 
alkali, and even of carbonated alkali when gently warmed there- 
with ; but upon drying at a moderate heat, it becomes hard, 
gritty, and insoluble. 

/3. Owing to the incompetency of silicic acid to form a salt 
with ammonia, chloride or carbonate of ammonium added to a 
dissolved silicate of alkali-metal precipitates gelatinous silica, 
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which aeparates more completely on eyaporationy at the same 
time becoming anhydrous. 

y. Carbonate of sodium fused before the blowpipe on a loop of 
platinum wire furnishes a bead which is transparent while hot, 
opaque when cold ; but a little silica added to the strongly heated 
bead dissolves therein with effervescence, and, if in sufficient 
quantity, renders it permanently transparent. 
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CHAPTER m. 

TOXICOLOCHCAL CHEMISTEY. 

(108.) For the performance of this part of the course, the student 
should be provided in succession with the principal poisons in the 
various forms in which they ordinarily occur in medico-legal 
practice. He must examine each poison in the several conditions in 
which it is presented to him, and verify all its described reactions. 
The different poisons may be met with in the ordinary state in 
which they are sold; dissolved in or diluted with water; in 
various organic liquids, either the vehicles in which they were 
administered, or the contents of the stomach for instance ; mixed 
with solid food; in the tissues of different organs, more particu- 
larly the liver and kidney ; and as stains upon clothing. They 
may be roughly classified into acid poisons, including the sulphuric, 
nitric, hydrochloric and oxalic acids ; metallic poisons, including 
compounds of mercury, lead, copper, arsenic and antimony ; and 
organic poisons, including prussic acid, strychnia, and opium. 



§ I.— SULPHURIC ACID. 
(109.) Concentrated. 

a. Appearance. Concentrated sulphuric acid, or oil of 
vitriol, occurs as a heavy, somewhat oily liquid, usually having a 
more or less marked brownish tint. 

fi. Volatility. A few drops of the acid, when cautiously 
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heated upon a watch-glass, or on platinum foil, disappear entirely 
with the formation of opaque white acrid fumes. 

y. Heat on admixture with water. Upon agitating a 
drachm or so of the strong acid with about an equal bulk of water, 
the temperature of the mixture rises very considerably, and the 
outside of the tube or other containing vessel becomes insup- 
portably hot to the hand. 

5. Charring organic matter. A piece of paper, wood, or 
sugtfr, dipped into the strong acid, speedily becomes blackened or 
carbonised. 

e. Evolution of sulphurous acid. Upon gently heating 
sulphuric acid in a test tube with some chips of wood, copper 
turnings, or mercury, a vapour having the peculiar suffocating 
smell of burning sulphur is evolved ; while a piece of starch- 
paper, moistened with iodic acid solution and held over the mouth 
of the tube, acquires a purple colour, which, however, the pro- 
longed action of the vapour ultimately causes to disappear. 

(110.) Diluted. 

a. Acid reaction, &c. Dilute sulphuric acid is entirely 
volatilisable by heat, has a marked acid reaction to test paper, 
and dissolves a fragment of carbonate of ammonium or sodium 
with rapid effervescence. 

/3. Charring after concentration. Marks upon paper 
made with the dilute acid appear simply wet, but become 
gradually black from carbonisation, on carefully drying the paper 
over a stove or gas flame. 

y. Precipitation of sulphate of barium. Solution of 
nitrate or chloride of barium throws down from dilute sulphuric 
acid a white precipitate of sulphate of barium, not affected by 
the addition of nitric or hydrochloric acid. 

0. Recognition of sulphur in precipitate. The pre- 
cipitate having been collected on a filter, is washed, dried, and 
intimately mixed with about an equal quantity of black flux. 
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The mixture is then heated to redness in a reduction tube or 
before the blowpipe, whereby a fused residue is obtained, from 
which hydrochloric acid causes an evolution of sulphuretted 
hydrogen gas, recognisable by means of lead paper, to which it 
imparts a glistening black or brown discolouration. 

X " ^O ^ Organic Liquids. 

a. Sulphuric acid contained in an organic liquid, such as coffee, 
beer, or the contents of the stomach, readily manifests all the 
above described properties of the dilute acid, except that of 
volatility. Should the liquid be viscid or turbid, it must be 
diluted freely with water or proof spirit, and strained through 
fine muslin, or, if practicable, filtered through paper. The filtrate 
is precipitable by nitrate or chloride of barium (vide no); and 
upon being evaporated down, becomes more strongly acid, chars, 
and evolves sulphurous acid gas (vide 109). Although, from the 
administration of antidotes in cases of sulphuric acid poisoning, 
the contents of the stomach or vomited matters may not exhibit 
any, or only a very, slight acid reaction, they may, nevertheless, 
yield an abundant precipitate of sulphate of barium. 

(112.) Stains on Clothing. 

a. The concentrated acid produces, upon black cloth, for 
instance, a brown stain with or without a red border ; and the 
diluted acid a red stain, gradually becoming brown. The stains 
remain moist for a long time, and in all cases the fibre becomes 
destroyed with greater or less rapidity. By treating the stained 
pieces with water, a solution of sulphuric acid is obtained, which 
manifests acidity to test paper, and yields a white precipitate with 
nitrate of barium. A portion of the stained stuff heated in a 
reduction tube evolves sulphurous acid, recognisable by its smell, 
and by its reaction upon starch paper moistened with iodic acid 
solution. 
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§ IL— NITRIC ACID. 
(113.) Concentrated. 

o. Appearance. Nitric acid when pure is coloorleaa; but 
when containing peroxide of nitrogen is straw-yellow or oraiige, 
and sometimes even green or blue. 

/3. Volatility. The concentrated acid when exposed to the 
air at ordinary temperatures gives off colourless or orange fmnes, 
having a characteristic smell, and a strongly marked acid reaction. 
A few drops of the acid heated upon a watch-glass disappear 
without leaving any residue. 

y. Action on organic matter. A strip of flannel or oilier 
nitrogenised organic tissue dipped into strong nitric acid becomes 
stained distinctly yellow ; the colour being rendered darker and 
browner by the subsequent action of 6austic alkali. Black and 
coloured cloths likewise become stained of a yellow colour, and 
rapidly corroded by the strong acid. 

B. Action on metals. When nitric acid is gently warmed 
in a test-tube with a drop or two of mercury or a few copper-* 
turnings, violent chemical action takes place, as evidenced by the 
solution of the metal, and the copious evolution of orange-brown 
vapours which redden but do not bleach litmus paper, and 
produce a purple colouration on starch paper moistened with 
iodide of potassium. 

e. Reaction with sulphate of iron. Nitric acid added 
to a cold moderately concentrated solution of sulphate of iron, 
produces a dark greenish-brown discolouration, which disappears 
on the application of heat with evolution of orange fumes. 

(, Solution of gold. Gold leaf is imacted upon by boiling 
nitric acid, but upon the addition thereto of a little hydrochloric 
acid it imdergoes rapid solution. 

(114.) Diluted. 

a. Acid reaction, &c. Dilute nitric acid is completely 
volatilised by heat ; has a marked acid reaction ; when evaporated 
from paper moistened with it, does not leave a black, but only a 
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slightly yellow stain ; produoes upon black cloth a stain, red at 
first, but ultimately yellow ; and, if pure, gives no precipitate with 
solutions of chl(»ide of barium and nitrate of silver respectivelyi. 
When neutralised by the hydrate or carbonate of sodium> potas^ 
sium, or barium, it is conveilied into a^ nitrate which may be. ob- 
tained solid and ciystalline by careful evaporation. 

(115.) Nitrates. 

a. Crystalline form. A drop or so of the aqueous solution 
of a nitrate heated slowly upon a glass plate until a solid margin 
appears round the edge of the 
liquid, yields upon cooling a well S^^-^^ 

crystallised residue, which may 
be examined by a pocket lens or 
the low power of a microscope. 
The potassium salt crystallises in 
long fluted six-sided prisms, the 
sodium salt (fig. 39), in rhombic 
plates, and the barium salt in 
octahedrons. 

/3. Deflagration with char- 
coal. A solid nitrate heated upon 

eharcoal, or heated with charcoal powder on platinum foil, un- 
dergoes deflagration ; while a piece of filtering paper moistened 
with the solution pf a nitrate and dried, bums in the characteristic 
manner of touch paper. 

y. Evolution of peroxide of nitrogen. When a mix- 
ture of a little powdered nitrate with a few copper filings is acted 
upon by sulphuric acid and gently warmed, orange-brown fumes 
are given off, which redden but do not bleach litmus paper, and 
produce a purple colouration on starch paper moistened with 
iodide of potassium. This experiment may be performed satis- 
factorily with less than one- tenth of a grain of nitre. 

3. Reaction with sulphate of iron. When a solution of 
sulphate of iron is poured' carefully upon some sulphuric acid, to 
which a minute fira^ent of a nitrate has been added, or upon a 
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cooled mixture of sulphuric acid with a little nitrate solution, 
a deep greenish-brown halo is produced at the junction of the 
two liquids, as shown in fig. 36. This test is also extremely 
delicate. 

e. Solution of gold. Gold leaf when boiled in hydro- 
chloric acid remains imchanged, but upon the addition of a litde 
nitrate becomes dissolved wholly or in part. To demonstrate the 
solution of the gold in the latter case, protochloride of tin may be 
added, which will give rise to a purplish precipitate or turbidily. 

(116.) In Organic Mixtures. 

a. Solid matters should be digested for some time in cold water, 
and the liquid filtered off. This method is applicable to stains 
on clothing, when not of too long standing. Viscid and turbid 
liquids are simply mixed with water and filtered. The suspected 
filtrate is next tested wilb blue litmus paper, and if found to be 
acid, neutralised carefully with a solution of carbonate or Hydrate 
of sodium, evaporated down to the crystallising point, and set 
aside. If practicable, the resulting d^sit may be collected, dried 
by pressure between folds of bibulous paper, dissolved in a little 
warm water, and the solution, filtered if necessary, evaporated, and 
recrystallised. Lastly, the crystalline residue is to be examined 
microscopically, and by the several chemical tests mentioned in 
the preceding section. The acid reaction may be wanting in 
organic mixtures, through a neutralisation of the nitric acid 
originally administered. 

§ in.— HYDROCHLORIC ACED. 

(117.) Concentrated. 

a. Appearance. The pure solution is colourless, or of a 
scarcely perceptible greenish tinge ; but the commercial acid has 
firequently a bright yellow colour, firom the presence of perchloride 
of iron. 

)3. Volatility. At ordinary temperatures the strong acid 
evolves colourless, almost transparent fumes, which have a marked 
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acid reaction, a characteristic smell, and, in common with other 
acid fumes, become opaque upon admixture with ammoniacal 
vapour. The liquid acid heated on a watch-glass evaporates 
without leaving any residue. 

y. Action on organic matter. Most <^rganic tissues are, 
gradually corroded and tinged of a yellow colour by immersion 
in the strong acid ; but the stains produced on black cloth are at 
first distinctly red, and after some days reddish-brown. 

^. Want of action on metals. Hydrochloric acid boiled 
with a little copper or mercury simply evaporates, leaving the 
metal unchanged, or very nearly so. 

e. Evolution of chlorine. Peroxide of manganese warmed 
with hydrochloric acid in a' test tube produces an abundant 
evolution of .chlorine gas, recognisable by its greenish-yellow 
colour and irritating smell. It quickly bleaches litmus paper,, and 
produces a purple colouration on starch paper moistened with 
iodide of potassium. 

(118.) Diluted, 

a. Neutralisation by carbonates, &c. Dilute hydro- 
chloric acid is completely volatile, has a marked acid reaction, and 
dissolves most carbonates with effervescence, forming chlorides, 
which may be obtained in the solid state on evaporation ; the al-' 
kaline chlorides, and particularly chloride of sodimn, crystallising 
in cubical or stauroid forms. Chlorine may be liberated from the 
evaporated residue by the action of sulphuric acid and peroxide 
of manganese. 

/3. Precipitation of chloride of silver. Solution of 
nitrate of silver added to hydrochloric acid throws down a white 
clotty precipitate of chloride of silver, which subsides readily 
after brisk agitation, and by exposure to light acquires a grey or 
purplish colour. One portion of the precipitate may be treated 
with ammonia, in which it will dissolve, and another piortion 
boiled with nitric acid, by which it wiU be unaffected, while the 
remainder may be washed, dried, and ignited in a porcelain cap- 
sule, when it will fuse into a horny mass. 
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(119.) In Oroanic Liquids or Solids. 

a. Distillation, &c. The liquid having shown an add 
reaction to test paper, may be strained or filtered if necessary, 
and then distilled nearly to drynesB from a retort, or a flask to 
which a cork and delivery tube have been adapted, as in fig. 40. 



Fig. 40. 




I'he earlier portions ot the distillate are usually little else than 
water, but the later portions should manifest all th^ properties ot 
dilute hydrochloric acid. Solid substances may be digested in 
distilled water, and the resulting solution examined with test 
paper and nitrat,e of silver. If possible, a portion of the liquid 
should be evaporated to thorough dryness, and the dissolved 
residue again tested with nitrate of silver to ascertain the absence 
or comparative abnence of metallic chlorides. 

§ IV.— OXALIC ACID. 
(120.) Solid. 

a. Appearance, &c. Oxalic acid generally occurs in 
colourless, more or less weU-defined four-sided prisms, which 
dissolve readily in boiling water to form a solution having a 
marked acid reaction. 
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(3. Volatility withont charring. A few cryBtala of the 
add, when heated upon platinum foil, melt, evolve fumes, aud 
disappear without leaving any carbonaceous residue. 

7. Effervescence with manganese. A littJe peroxide 
of manganese, free from carbonates, when added to oxalic add 
moistened with water, sete up an active efierveicence of carbonic 
acid gas. 

(121.) Dissolves. 

n. Crystalline form. One or two drops of the strongly 
acid liquid evaporated cautiously upon a glass plate until a solid 
white margin appears, yield on 
spontaneous cooling a crystalline 3l^ ' 

reudue of delicate, long flat prisms, 
as shown in fig 41. 

/3. Precipitation of oxalate 
of silver. Nitrate of silver pro- 
duces in solution of oxalic acid, 
more abundantly after its neutra- 
lisation or partial neutralisation 
with ammonia, an opaque white 
precipitate of oxalate of silver, 
which is not discoloured by ebul- 
lition, but may dissolve if the excess of oxalic acid be large, and 
is readily soluble in dUute nitric acid. The precipitate collected 
on a filter, washed, dried, and then ignited upon platdnum foil, is 
dissipated with a slight explouon, leaving an inconsiderable 
pulverulent residue of metallic silver, 

y. Precipitation of oxalate of calcium. Solution of 
sulphate of calcium added freely to aqueous oxalic acid, throws 
down a white precipitate of oxalate of calcium, insoluble in acetic, 
but readily soluble in dilute nitric acid. By ignition, the pre- 
cipitate is converted into cnibonate of calcium, which dissolves 
in acetic acid with effervescence. 

(122.) In Osoakic Liquids. 
a. Reaction to teat paper, £c The acid reaction is very 
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decided even when the poison exists but in very small proportion. 
If is oflen necessary to filter the liquid, after previous dilation with 
water or proof spirit, or at any rate to strain it through mnalin, 
before applying any reagent. 

fi. Precipitation of oxalate of lead. Soluticm of acetate 
of lead added to the strained or filtered liquid, throws down a 
precipitate of oxalate of lead, either white or discoloured by the 
organic matter present. The addition of the reagent is to be 
continued until it no longer produces a iresh precipitate. This 
point is easily ascertained by repeatedly testing the supernatant 
liquid, which separates readily after briskly agitating the mixture. 

y. Production of oxalic acid. The above precipitate of 
oxalate of lead having been collected on a filter and thoroughly 

Fig. 42. 




Washed, is made into a thin magma with water, and treated with 
a current of washed sulphuretted hydrogen evolved from some 
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saoh arrangement as that shown in figs. 42 and i^, until the 
mixture, after agitation and standing at rest for a minute or soy 
smells strongly of the gas; when, with or without previous 
warming, it is to be thrown on to a filter. The filtrate will be 
an aqueous solution of oxalic acid, which will yield crystals on 
evaporation, and manifest all the above-described reactions of the 
dissolved acid. 

2. Production of oxalate of ammonium. Or instead 
of treating the washed precipitate of oxalate of lead with sul- 
phuretted hydrogen, it may be boiled for a short time ivith a 
small quantity of dilute sulphuric acid, the mixture filtered, and 
the filtrate neutralised with ammonia. The resulting solution of 
oxalate of ammonium may be concentrated by evaporation and 
tested with nitrate of silver and sulphate of calcium, when cha- 
racteristic precipitates of the oxalates of silver and calcium 
respectively will be obtained. 

(123.) Insoluble. 

a. Oxalic acid is sometimes met with as a cakium or mag- 
nesium salt, owing to the exhibition of chalk or magnesia as an 
antidote. The insoluble white deposit, when boiled for some 
time with carbonate of sodiima, yields a solution of oxalate of 
sodium, which after filtration and careful neutralisation with dilute 
nitric acid, may be tested with nitrate of silver and sulphate of 
calcium respectively. It is recognisable also by effervescing upon 
treatment with peroxide of manganese and a dilute mineral acid. 

§ v.— CORROSIVE SUBLIMATE. 
(124.) Solid. 

a. Appearance, solubility, &c. Corrosive sublimate usually 
occurs as a heavy, white, glistening powder, turned black by 
sulphide of ammonium, yellow by potash, and scarlet by iodide 
of potassiimk Boiled with a little water in a test-tube it under- 
goes speedy solution. 

/3. Volatility. A small portion of the powder, heated on* 
qjiarcoal or platinum foil, disappears completely with production 
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of opsque irhite fmnes. Heated in a narrcw tube it jieMs k- 
white crystaUine sublimate. 

y. Metallic reduction. When a little of the powdered salt, 
mixed with three or four times its bulk of recently calcined car- 
bonate of ftodium, is introduced into a thoroughly dry reduction 
tube, the mixture covered with some additional carbonate of 
aodium, and the heat of a apirit or gaa-flame applied, first to the 
carbonate and then to the mixture, volatUiaation of metallic 
mercury takes place, and a sablimate of well-defined naercorial 
globnies condenses in the cold part of the tube. 

i. Detection of chlorine in residue. The bottom iA 
the tube containing the fused reudue having been snapped off at 
a file-mark and boiled in water, the resulting solution xtMj be 
acidulated with nitric acid and tested with nitrate of ulver, whoi 
a white precipitate of chloride of silver will be formed, insoluble 
in nitric acid, but soluble in ammonia. 

(125.) Dissolved. 
a. Crystalline form, A little of the solution evaporated 
cautiously on a glass plate until a solid margin appears, and set 
Fig. 43. aside to crystallise, famishes a 

reradue of slender opaque inter' 
secting needles (fig. 4.3), -which 
afford the above- described reac- 
tions of the solid poison. 

/3. Precipitation of sul- 
phide of mercury. Sulphu- 
retted hydrogen gas, or its aqueous 
solution, added to corrosive enbli- 
mate solution, produces at first a 
white tturbidity, gradually becom- 
ing orange-brown, and finally changing into a dense black pre- 
cipitate of sulphide of mercury, which may also be thrown down 
by sulphide of ammonium. The washed precipitate is insoluble 
evffli in boiling nitric acid. 

y. Precipitation of oxide of mercury. Excess of 
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potash or lime water produces an orange-jellow precipitate of 
mercuric oxide, the filtrate from which maj be tested for chlorine 
bj means of nitrate of silver and nitric acid. 

d. Precipitation of iodide of mercury. Iodide 
of potassium produces, in corrosive sublimate solution, an orange 
or scarlet precipitate of iodide of mercurj, which disappears in 
excess of the precipitant, forming a colourless liquid. This re- 
action is very characteristic, though liable to be interfered with 
by the presence of various saline compounds. 

£. Reduction by a stannous salt. Protochloride of 
tin, added to a solution of corrosive sublimate acidulated with 
hydrochloric acid, produces at first a white precipitate of calomel, 
which, on adding more of the reagent, becomes slate-coloured, 
and finally almost black, from its conversion into metallic 
mercury. The precipitate subsides rapidly upon the applica- 
tion of heat ; afterwards the supernatant liquid may be poured 
off, replaced by hydrochloric acid, and heat again applied, when 
the originally bulky deposit will shrink into a few globules of 
liquid mercury having a highly characteristic aspect. 

f. Deposition on copper. A piece of thin copper 
foil or gauze immersed in the solution, previously diluted very 
considerably and acidulated with hydrochloric acid, quickly 
acquires a silver-like coating of mercury. On heating the 
washed and dried piece of coated copper in a subliming tube, 
the mercury volatilises, yielding a sublimate of metallic globules, 
while the copper resumes its original red colour. 

17. Electrolytic test. When a few drops of the so- 
lution, preferably acidulated with hydrochloric acid, are placed 
on a sovereign or other piece of gold, and the coin touched 
through the liquid with a key or other steel instrument, a 
deposition of mercury takes place upon the gold at the point 
of contact, forming a silvery stain, which disappears upon the 
application of heat. 

(126.) In Organic Liquids and Solids. 
a. General processes. The strained or filtered liquid, 
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acidulated with hydrochloric acid and gently warmed^ may 
sometimes be treated with a solution of protochloride of tin, as 
above described ; but the electrolytic test, and especially the test 
of metallic reduction upon copper, are in most cases much to be 
preferred. It is generally sufficient to prove the presence of 
dissolved mercury in an organic liquid, without taking the 
chlorine of the salt into consideration ; but occasionally the entire 
salt may be extracted by agitating the liquid with ether, evapo- 
rating the ethereal solution, and treating the residue with water. 
Organic solids, thoroughly broken up or otherwise finely divided, 
are boiled for an hour or so with dilute 'hydrochloric acid, and 
the solution tested by immersing in it a piece of clean copper ; or, 
if necessary, the copper may be boiled in the liquid for a con- 
siderable length of time. 

/3. Special process. After boiling the broken-up tissue 
with dilute hydrochloric acid for an hour or so as above describedf 
and filtering off the acid decoction, the undissolved residue should 
be made into a thin paste with hydrochloric acid diluted with twice 
its bulk of water, and the mixture heated on a water bath. 
Then, from time to time, finely powdered chlorate of potassium 
is to be added little by little until the colour of the undissolved 
substance is reduced to a pale yellow tint, when the filtered de- 
coction may be returned, the whole boiled for a few minutes, 
allowed to cool, and filtered, the filtrate evaporated to a small 
bulk, again filtered if necessary, and treated with excess of washed 
sulphuretted hydrogen gas. The resulting sulphide of mercury, 
mixed with much sulphur, may be collected on a filter, washed 
with water, dissolved in hydrochloric acid, to which a minute 
quantity of chlorate of potassium has been added, the liquid 
evaporated to dryness, the residue dissolved in water, and the 
resulting solution of mercuric chloride examined by any of the 
usual tests. This method is one of general applicability for the 
detection of metals absorbed into the tissues. The original 
precipitate produced by sulphuretted hydrogen may in all cases 
be dissolved in hydrochloric acid, aided by the smallest suflScient 
quantity of chlorate of potassium as above described, the result- 
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ing solution treated afresh with sulphuretted hydrogen, and the 
precipitate then obtained examined for mercury, lead, copper, 
arsenic, antimony, bismuth, tin, &c. 



§ VI.— LEAD. 

(127.) Solid Compounds. 

a. Metallic reduction. Lead may be readily procured 
in the metallic state from substances containing it in moderate 
quantity. When a small portion of any lead compound, mixed 
with three or four times its weight of carbonate of sodium, is 
heated on charcoal in the reducing blowpipe flame, a malleable 
metallic globule is soon produced, while the charcoal receives a 
yellow incrustation. The globule may be dissolved in dilute nitric 
acid, and the liquid tests applied to the solution so formed. 

p. Carbonate of lead. This salt occurs as an opaque 
white powder, which melts and becomes yellow when heated, is 
turned black by sulphide of ammonium, is insoluble in water, 
but dissolves in dilute nitric acid with effervescence, forming a 
solution to which the liquid tests for lead can be applied. 

y. Acetate of lead. — Aspect, &c. Acetate of lead gene- 
rally occurs as a heavy crystalline powder, of a white colour, 
a peculiar sour smell, and a sweetish astringent taste. It is 
moderately soluble in distilled water, and forms a milky liquid 
with common water, containing sulphates or carbonates. Its 
solution when evaporated upon a glass plate yields opaque white 
prismatic crystals. 

d. Acetate of lead. — Reactions. The salt is turned 
of a black colour by sulphide of ammonium, and of a yellow 
colour by iodide of potassium. When heated in a reduction 
tube, it melts, resolidifies, becomes dark in colour, gives out a 
smell of acetone, and leaves a carbonaceous residue containing 
yery finely divided metallic lead. When heated in a test tube 
with sulphuric acid it gives off the smell of acetic acid, convertible 
^nto that of acetic ether upon the addition of a little alcoho|. 
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Treated with solution of persulphate of iron it pelds a white 
residue of sulphate of lead, and a dark red solution of peraoetale 
of iron. 

(128.) Dissolved. 

a. Precipitation of sulphide of lead. Sulphuretted 
hydrogen gas or its solution in water, when added to any solu- 
tion containing lead, gives a black or dark brown precipitate of 
sulphide of lead, insoluble in cold dilute hydrochloric acid, and 
imaffected by sulphide of ammonium. But in some cases, espe- 
cially in presence of much chloride of hydrogen or iron, the 
precipitate comes down of a red colour, and is then turned black 
by sulphide of ammonium. 

P, Precipitation of sulphate of lead. Dilute sulphuric 
acid produces an opaque white precipitate of sulphate of lead, 
insoluble in nitric acid, soluble in boiling and in a large excels 
of cold hydrochloric acid, and in a considerable excess of potash 
water. The precipitate is turned black by sulphuretted hydrc^en 
or sulphide of ammonium. 

y. Precipitation of iodide of lead. Iodide of potassium 
added to the lead solution, which should be free from any great 
excess of free acid or alkali, throws down a bright yellow preci- 
pitate of iodide of lead, soluble in hot hydrochloric acid and in a 
large excess of potash water. It is also sparingly soluble in boil- 
ing water, and is reprecipitated on cooling in golden scales. 

(129.) In Organic Liquids or Solids. 

a. Organic liquids. The liquid, strained or filtered if 
necessary, and acidulated with a few drops of nitric or hydro- 
chloric acid, is treated with a current of washed sulphuretted 
hydrogen, until it acquires a marked smell of the gas, persistent 
after agitation. The resulting black or dark brown precipitate is 
allowed to subside, collected on a filter, thoroughly washed with 
water, and boiled, until its colour is destroyed, in nitric acid 
diluted with about four times its bulk of water. The solution 
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80 obtained, filtered if necessary and concentrated hy evaporation, 
is then submitted to the action of the ordinary tests for dissolved 
lead salts. 

/3. Organic solids. The tissue suspected to contain lead may 
be treated with hydrochloric acid and chlorate of potassium, as 
described in par. 1 16 /3. Or it may be dried in an oven, burnt 
in a capsule, and the resulting charcoal heated to dull redness for 
several hours until a grey ash is lefl, which must be dissolved in 
dilute nitric acid by the aid of heat. The solution of the ash is 
then to be treated with sulphuretted hydrogen, and the black pre- 
cipitate farther examined. 

§ VII.— COPPER. 

(130.) Dissolved. 

a. Solubility, <&c. Most salts of copper are soluble in 
water or dilute mineral acids, except the sulphide, which, however, 
dissolves readily in strong nitric acid. The solutions whether 
aqueous or acidulous have a decidedly blue or green colour. 

/3. Precipitation of sulphide of copper. Sulphuretted 
hydrogen or an alkaline sulphide throws down a dark brown pre- 
cipitate of sulphide of copper, which is scarcely affected by 
treatment with cold hydrochloric acid, but dissolves readily in 
nitric acid, is partly soluble in ordinary sulphide of ammonium, 
but insoluble in sulphide of sodium or potassium.. 

y. Formation of cuprammonium salt. Ammonia 
added carefully to a cupric solution produces a bluish white 
precipitate, which dissolves in excess of the precipitant, forming 
a deep purple-blue liquid, of highly characteristic appearance, 
save when very dilute, in which case it resembles the similarly 
constituted but strong ammoniacal solution of nickel. It is, 
however, distinguishable therefrom by means of caustic potash, 
which, imleas added in very large proportion, does not disturb 
the transparency of the cuprous, but affords a pale green pre- 
cipitate with the nickel solution. 
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?. Precipitation of ferrocyanide of copper: 
Ferrocyanide of potassium produces a gelatinous chocolate pre- 
cipitate of ferrocyanide of copper, insoluble in mineral acids. 
Potash changes it into a pale blue magma readily soluble in ammo- 
nia, forming a deep blue liquid. By these properties it is distinf- 
guished fix>m the similarly coloured precipitate of ferrocyanide of 
uranium. Ferrocyanide of nickel has a pale green colour. 

: Ef Metallic precipitation on iron. A steel needle 
or piece of polished iron wire immersed in a feebly acidulated 
cupric solution soon acquires a coating of metallic copper, 
having its characteristic red appearance. When the proportion 
of copper is very minute, the iron should continue immersed for 
several hours. Occasionally the deposit is not sufficient in quan- 
tity to present the ordinary aspect of metallic copper, but appears 
simply brown or black. 

f. Examination of metallic deposit. The coated wire, 
having been washed in water, is acted upon by a drop or two of 
ammonia when by exposure to air the copper gradually dissolves 
in the ammonia, forming a deep blue solution, in which, after 
acidification with acetic acid, ferrocyanide of potassium causes a 
chocolate red turbidity of ferrocyanide of copper. 

T/. Electrolytic test. When a few drops of an acidulated 
solution of copper are placed in a platinum capsule, and a piece of 
zinc foil introduced so as to touch the capside through the liquid, 
metallic copper is quickly deposited upon the platinum, either 
with its characteristic appearance, or simply as a brown stain. 
The deposit can be examined with ammonia and ferrocyanide 
of potassium as above described. The process possesses no 
advantage over that with the iron wire. 

(131.) In Organic Liquids and Solids. 

a. Organic liquids. These, when containing any appreciable 
quantity of copper, have usually a more or less marked greenish 
tint. They may be acidulated with hydrochloric acid, and allowed 
to act upon clean iron wire as above described ; or the filtered 
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acidulated solution may be treated with a current of sulphuretted 
hydrogen gas, and the resulting dark brown precipitate collected 
upon a filter, washed with water, and dissolved in dilute nitric or 
in strong hydrochloric acid. The acid solution evaporated nearly 
to dryness, and diluted with water, can then be examined by the 
usual tests. 

/3. Organip solids. These, when containing copper even 
in small quantity, acquire a deep blue colour by immersion in 
ammonia. They may be cut into small pieces, boiled for some 
time in dilute hydrochloric acid, and the resulting liquid, after 
being concentrated by evaporation, examined with a steel needle 
or a current of sidphuretted hydrogen gas (a). Or the tissue 
may be destroyed, either with hydrochloric acid and chlorate of 
potaasium, as described in par. 116 /3, or by incineration, as de- 
scribed in par. 1 19 i3, and the residues further examined. 

§ Vin.— AESENIC. 
(132.) Arsenious Acid or Anhydride. 

a. Appearance. Commercial arsenious acid, white arsenic^ 
or arsenious anhydride, usually occurs as a heavy white powder, 
but may be met with in transparent vitreous masses, or in opaque 
porcellanous masses, or in masses which are opaque externally 
and glassy in the centre. 

/3. Volatility. A minute quan- Fig. 44. 

tity of the powder heated on plati- 
num foil volatilises entirely with 
evolution of opaque white fumes ; 
any fixed residue being due to im- 
purity, probably sulphate of cal- 
cium . A little of the powder heated 
in a subliming tube also volatilises, 
and deposits an iridescent sub- 
limate in the cool part of the tube. 
Or the volatilisation may be ef- 
fected in a short wide test tube, 
and the sublimate condensed on .a fiat strip of glass held over t^e 
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mouth of the tube. Upo'h examination with a lens, the sublimate 
in the tube or on the glass will be seen to consist chiefly of octa> 
hedral crystals, as shown in fig. 44, which do not polarize. 

y. Action of sulphide of.ammonium. When a drop or 
so of sulphide of ammonium is added to a little white arsenic 
contained in a watch gla:^, there is no alteration of colour pro- 
duced, but on applying a gentle heat, solution tsikes place, and 
on evaporating to dryness, a yellow film of sulphide of arsemc is 
left, soluble in alkalien, insoluble in hydrochloric acid. 

i. Solubility. Powdered white arsenic when agitated with 
water in a test tube, does not perceptibly dissolve, but remains 
partly as a film over the surface, partly in small aggr^ations at 
the bottom. This state of immiscibility, which is very cha- 
racteristic, does not disappear even on prolonged boiling. By 
filtration, however, a clear aqueous solution of arsenious acid is 
obtained. Moreover on adding a little potash or hydrochloric 
acid to the hot mixture of water and white arsenic, complete 
solution is very easily effected. 

c. Reducibility. A minute quantity of the powder sprinkled 

upon red-hot charcoal evolves 
scarcely visible vapours having a 
peculiar garlic-like odour. When a 
little white arsenic mixed with three 
or four times its bulk of dry soda- 
ilux, produced by the incineration of 
acetate of sodium with some addi- 
tional charcoal, is introduced into s 
narrow reduction tube of hard glass, 
made perfectly dry and warm, there 
is produced, on subjecting the mix- 
ture to the heat of a spirit flame, s 
sublimate of reduced arsenic which 
condenses in the upper cool part of the 
tube in the form of a metallic ring, 
as shown of the actual size in fig. 45. 
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Or a minute quantity of white arsenic may be placed in the re- 
duction-tube, covered with a considerable thickness of powdered 
charcoal, and heat applied firom above to below, so that the ar* 
senic may volatilise through the red-hot charcoal, when a ring of 
reduced metal will appecur as before. 

i. Characters of the metallic ring. The arsenical 
ring is characterised as follows : — a. By its lustrous steel grey 
appearance. Should it present an opaque brownish-black colour, 
its proper aspect may be brought out by the cautious application 
of heat, when the characteristic metallic grey ring will remain, 
and a more volatile dark-coloured compound of arsenic be vola- 
tilised. The interior surface of the metallic sublimate, rendered 
visible by breaking the tube, presents a crystalline appearance. 
b. By its volatility. Upon heating the sublimate to a tempera- 
ture considerably below redness, it may be readily volatilised 
from one part of the tube to another, c. By its conversion into 
arsenious anhydride. After repeated volatilisations up and down 
the tube, the ring of metal is gradually replaced by a ring of 
iridescent crystals of white arsenic, shown by a lens to consist of 
variously modified octahedrons. These may be boiled in a small 
quantity of water for some time, when a solution of arsenious 
acid will be formed, to which the ordinary liquid reagents 
can be applied, d. By its conversion into arsenic acid. The 
ring of metal, when warmed with a drop or two of nitro-muriatic 
acid, disappears, and on evaporating to dryness, a residue of 
arsenic acid is left, which may be dissolved in water, and tested 
with nitrate of silver solution, when a brick-red precipitate of 
arseniate of silver will be produced. 

(133.) Dissolved. 

a. Reaction, &c. The aqueous solution of arsenious acid 
is clear, colourless, tasteless, inodorous, and has a faintly acid 
reaction to test-paper. When evaporated upon a glass plate, it 
leaves a white residue of minute octahedral non-polarising crystals, 
which may be volatilised by a further application of heat. 



l60 ABSENIC. 

fy. Precipitation of arsenite of silver. Ammonio^ 
nitrate of silver, added to aqueous arsenious acid, throws down 
an opaqiie yellow precipitate of arsenite of silver, soluble in 
ammonia and in dilute nitric acid. The reagent is made bj 
adding a weak solution of ammonia drop by drop to a strong 
solution of nitrate of silver, imtil the brown precipitate at first 
produced is just redissolved. 

y. Precipitation of arsenite of copper. Ammonio- 
sulphate of copper, added to aqueous arsenious acid, produces 
a light green precipitate of arsenite of copper, soluble in am- 
monia and in dilute acids. When collected on a filter, washed,, 
dried, and heated in a reduction tube, it yields a crystalline sub- 
limate of arsenious anhydride. Ammonio- sulphate of copper is 
made by carefully adding ammonia drop by drop to a somewhat 
dilute solution of sulphate of copper, imtil the precipitate at 
first produced is nearly redissolved. 

^. Precipitation of trisulphide of arsenic. When 
a current of washed sulphuretted hydrogen gas is passed through 
a solution of arsenious acid acidulated with hydrochloric acid, 
an abimdant bright yellow precipitate of arsenious sulphide or 
orpiment is produced. Sulphide of ammonium does not give 
any precipitate with aqueous arsenious acid imtil some other 
acid is added; while sulphuretted hydrogen produces only a 
yellow discolouration. 

€. Characters of the above precipitate. The 
yellow precipitate may be collected on a filter, washed with 
water, and tested as follows. Boiled with hydrochloric acid it 
does not perceptibly dissolve, but, on the addition thereto of a 
little nitric acid, disappears with the formation of red fumes, a 
globule of melted sulphur fi:equently remaining undissolved. 
Treated with sulphide, hydrate, or carbonate of ammonium, it 
undergoes solution, and is again thrown down by the addition of 
hydrochloric acid. Dried and heated in a reduction tube, it sub- 
limes unchanged or nearly so. Dried and heated in a reduction 
tube, after thorough mixture with four or five times its bulk of 
soda-flux, it yields a sublimate or ring of reduced metaL 
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(134.) Marsh's Test. 

a. Nature of process. Wlien a substance containing 
arsenic is acted upon by nascent hydrogen, usually developed 
by the reaction of metallic zinc and dilute sulphuric or hydro- 
chloric acid, a gaseous compound of arsenic and hydrogen, 
known by the name of arsenetted hydrogen, is given off. This 
gas may be generated in any ordinary form of hydrogen-appa- 
ratus ; even the adaptation to one another of a flat-bottomed 
vial, perforated cork, and piece of glass tube, either straight or 
bent, according to circimistances, and drawn out to a moderately 
fine point, will answer the pur- 
pose. The arrangement shown 
in fig. 47 is in some cases very 
convenient; while in others, the 
original bent tube devised by 
Marsh may be most advanta- 
geously employed. It may be 
made quite plain, as in fig. 46, 
or be provided with a couple of 
large strong bulbs, one in the 
upper part of the long, and one 
in the lower part of the short 
limb. This short limb is fur- 
nished with a movable stopcock, 
into which is screwed either a 
short jet, for burning the issuing 
gas, as shown in the figure, or 
an elbow, to which a horizontal 
piece of glass tubing may be 
readily adapted. Arsenetted 
hydrogen is identified by its property of yielding deposits ot 
x^etallic arsenic, either upon imperfect combustion, as originally 
pointed out by Marsh, or by exposure to a dull red heat, as 
r<Bponunended by a committee of the Frencb Academy. 

M 
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(135.) Original Marsh*s Process. 

When it is intended to obtain deposits bj an imperfect com* 
biistion of the gas, Marsh's apparatus (fig. 46) is usually em- 
ployed in the following manner. The stopcock being removed^ 
a piece of stout glass rod is carefully dropped into t^e shorter 
limb of the tube. It should be sufficiently small to reach the 
bend, but not small enough to pass into the longer Hmb : a glass 
stopper will often answer the purpose extremely well. Two or 
three compact lumps of metallic zinc are then let &11 upon the 
piece of glass, the open stopcock replaced, and cold diluted sul- 
phuric acid, in the proportion of about one part of acid to six 
or seven of water, poured into the longer limb ; so that when 
the liquid is level in the two limbs, there may yet remain some 
little free space beneath the stopcock. The dilute acid is allowed 
to act upon the zinc for a few minutes, and the stopcock then 
closed, whereby the shorter limb becomes gradually filled with 
hydrogen gas, the acid being gradually driven up into the longer 
limb. The stopcock is then opened, and the issuing hydrogen 
quickly inflamed. It ought to bum with a scarcely visible 
flame, which should not produce a deposit or even a discoloura- 
tion upon a piece of clean glass or porcelain momentarily de- 
pressed upon it. As soon as all the hydrogen is driven out of 
the shorter limb by the descending acid, the stopcock is reclosed 
while another accumulation of gas takes place, which is then 
released, inflamed, and examined as before. . Or the issuing gas, 
without being inflamed, may be allowed to impinge on paper 
moistened with nitrate of silver solution, which should not 
thereby acquire any discolouration. When, afier several exa- 
minations, the purity of the hydrogen, and consequently of the 
materials used to generate it, has been satisfactorily ascertained, 
the arsenical liquid is introduced and the experiment repeated. 

a. Appearance of flame, &c. The hydrogen gas subse" 
quently evolved is contaminated to a greater or less extent with 
arisenetted hydrogen, and produces a metallic -looking discoloura- 
tion upon paper moistened with nitrate of silver solution. It 
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bums with a bluish flame, and evolves a white smoke of arse- 
nious anhydride. 

/3. Reactions of the smoke. The smoke or vapour 
maj be tested bj holding over the summit of the flame a piece of 
porcelain moistened with ammonio-nitrate of silver, when a jellow 
turbidity due to arsenite of silver will make its appearance; or by 
enclosing the flame more than once if necessary by a short wide 
test-tube moistened on its interior with water, whereby a weak 
solution of arsenious acid will be formed, which may be tested 
with sulphuretted hydrogen, or other appropriate reagent. 

y. Formation of deposit. When a piece of clean 
glass, porcelain, or talc is momentarily depressed upon the flame e» 
as to cut off about two-thirds of its height, there is produced upom 
the cold surface a dark stain or deposit which is constituted of thre« 
products, in the centre of metallic arsenic, in the exterior of arse^ 
nious anhydride, and in the intermediate zone of a compound 
considered to be a suboxide of arsenic. That the stain is really 
arsenical is shown by its possessing the following characters : — 
a. Metallic brilliancy. The lustrous appearance of the arsenical 
stain is best seen on its free sur&ce,but is recognisable through the 
glass, b. Hair-brown colour. This colour appertains particularly 
to slight stains, and to the intermediate portion of larger stains, 
in which last it is best manifested by means of transmitted light. 
c. Volatility. The arsenical stain disappears readily on the appli- 
cation of a heat considerably below redness; this property of vola- 
tility is very evident when the stain has been produced on a thin 
plate of talc. During its volatilisation the metallic arsenic becomes 
converted into arsenious anhydride, d. Solubility in chloride 
of lime. When the arsenical stain is warmed with a few drops of 
bleaching liquid, complete solution speedily takes place. For the 
application of this test it is convenient to produce the stain on the 
interior of a watch-glass, e. Non-solubility in cold disulphide 
of ammonium. The arsenical stain is not perceptibly aflected by 
treatment with a drop of yellow sulphide of ammonium solution. 
But on heating to dryness, a bright yellow stain of orpiment if 

x2 
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produced, oontaining a dark nucleus of undissolved metallic 
arsenic. (Guy.) /. Conversion into arsenic acid. The arsemcal 
stain disappears completely when gently warmed with a drop 
or two of nitric or nitro-muriatic acid. By evaporating to dry- 
ness, a slight residue of arsenic acid is left, recognisable by its 
ready solubility in a drop of water, so as to form a solution in 
which nitrate of silver produces a bricknlust-red turbidity. 

(136.) Modified Marsh's Process. 

Marsh's apparatus may also be used for generating araenetted 
hydrogen when it is intended to decompose the gas by extraneous 
heat. In this case the jet of the stopcock is \mscrewed and 
replaced by a metal elbow, to which a horizontal piece of narrow 
hard glass tubing is adapted. But some such apparatus as that 
shown in fig. 47 is on the whole to be preferred. It consists of a 
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Anall flask Aimished with a cork through which passes a loi^ 
teitiel tube, and a short wide rectangular tube, loosely plugged 
#idi a little cotton wool, and connected by means of a perfora^ 
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cork with a long horizontal piece of narrow hard glass-tubing, bent 
downwards at its extremity so as to dip into a solution of nitrate 
of sHver. The apparatus is charged with pure zinc and dilute sul- 
phuric acid, so as to cause an evolution of hydrogen gas, which 
passes through the cotton wool, where it deposits any mechanical 
impurities, along the horizontal tube, and into the silver solution. 
During the transmission of the gas, the £ame of a spirit lamp is 
applied steadily to some particular part of the horizontal tube, and 
if afber a little time there is not produced any deposit within the 
tube, or precipitate in the silver solution, the materials are known 
to be pure, and the arsenical liquid may be introduced^ 

a. Decomposition by heat. The resulting arsenetted hy* 
drogen is decomposed in its passage through the heated portion 
of the tube, and deposits a steel-grey ring of metallic arsenic at 
some little distance beyond the flame. The ring may be identi*^ 
fied by its appearance, its position at a little distance beyond the 
£ame, its volatility, its conversion into arsenious anhydride by 
repeated sublimations, and its conversion into arsenic acid by 
treatment with nitro-muriatic acid and evaporation to dryness. 

/3. Decomposition by nitrate of silver. Any 
arsenetted hydrogen that may escape decomposition by the flame, 
or that may be purposely allowed to escape, is arrested by the 
nitrate of silver solution, with formation of a black deposit of 
metallic silver. On the termination of the experiment, the 
excess of silver may be precipitated with hydrochloric acid, the 
filtrate evaporated to dryness, and the residue of arsenic acid did* 
solved in water and tested with the usual reagents. 

(137.) REmscH's Tes-t. 

This test is particularly useful for the detection of arsenic in 
organic liquids or solids. The suspected liquid is simply acidu- 
lated with about one-eighth of its bulk of pure hydrochloric acid, 
and boiled. The solid tissue is cut up into very small pieces and 
boiled for some time in a mixture of about one part of hydro- 
chloric acid ^th six of water. 
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a. Deposit on copper. A small piece of clean copper 
foil, or preferably of fine gauze, is introduced into the hot acidu- 
lated Rquid, and the boiling continued for a period varying fixmi 
a few minutes to a quarter of an hour or longer. Should the 
copper acquire a grey metallic discolouration, other pieces thereof 
may be added from time to time, and the supply continued so 
long as the last added piece assumes any perceptible alteration 
in colour. 

/3. Character of deposit The pieces of coated foil or 
gauze are removed from the liquid, washed in water, and dried 
between folds of bibulous paper. The deposit tmless very thick 
adheres firmly to the subjacent copper, presents a well-marked 
metallic lustre, and has a dark steel-grey colour, or, if very tVim^ 
a somewhat bluish tint. On the application of heat it disappears 
^itirely, while the copper resumes its ordinary appearance. 

y. Crystalline sublimate. A piece of the coated copper, 
held between the fingers, is warmed over a flame, coiled up into 
a small bulk, and introduced into an ordinary reduction tube 
(fig. 45). The heat of a small spirit flame is then carefully applied, 
at first a little above the coil, and afterwards to the ooil itself 
whereby the arsenic is volatilised, oxidised, and condensed in the 
cool part of the tube as a crystalline sublimate. If necessary, 
several pieces of coated copper may be thus heated successively in 
the same tube until a sufficiently obvious sublimate of arsenious 
anhydride is produced, which, when examined by a lens or the low 
power of a microscope, will exhibit highly iridescent octahedral 
forms. A small piece of tubing open at both ends, one of 
which is drawn out to a long, almost capillary, termination as 

Fig. 48. 




a 



shown in fig. 48, is convenient for volatilising a very slight de- 
posit. The coated foil having been introduced and tilted down 



reinsgh's test. 167 

to the shoulder, the tube is sealed by the blowpipe at the point a, 
and the resulting cylindrical bulb containing the foil heated in a 
spirit-flame, from its capillary shoulder backwards to its sealed 
extremity, whereby a crystalline ring becomes condensed in the 
capillary projection at b. 

d. Reactions of the sublimate. By means of a 
couple of file-marks, the short length of tubing containing the 
sublimate may be broken off from the two ends of the tube, and 
the sublimate itself be acted upon by reagents. Moistened with 
sulphide of ammoniimi solution and dried in a water-bath, it 
yields a yellow residue of orpiment. Moistened with a mixture 
of nitric and a little hydrochloric acid and evaporated to dryness, 
it leaves a slight residue of arsenic acid, which produces a red 
turbidity when treated with a drop of nitrate of silver solution. 

(138.) Impediments to Reinsch's Test. 

a. Influence of oxygenants. Reinsch's process is not 
applicable in the presence of oxidising bodies, which moreover 
enable dilute hydrochloric acid to dissolve metallic copper. But 
the majority of such compounds may be reduced by the action 
of sulphite of sodium upon the acidified liquid, while any excess 
of sulphurous acid from the decomposition of the salt may be got 
rid of by ebullition before introducing the foil or gauze. 

/3. Purity of the acid. This may be ascertained by 
diluting a sufiicient quantity of the hydrochloric acid with about 
four times its bulk of water, and boiling a very small piece of 
foil or gauze in the diluted liquid for a period of twenty minutes 
or half an hour. 

y. Purity of the copper. As even in the most satisfac- 
tory performance of Reinsch*s test, there is always some, although 
but an extremely minut^ quantity of the copper dissolved, and 
as commercial copper is rarely quite free from arsenic, it is 
important that the foil or gauze employed in the experiment 
should be specially tested as to its purity. I^ however, the 
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ftolntion of four or five grains of the copper does not yield aiqr 
eyidence of araenic, the metal is quite pure »ion^ for the 
purpose, eren though a trace of arsenic should be detected in a 
larger quantity of it. A few grains of the copper cut into fine 
pieces are placed in a small tube-retort, or in a bulb- tube, such 
as that shown in fig. 14, with not less than twice their weight 
of precipitated peroxide of iron, and an excess of hydroohloiic 
acid. The mixture is then distilled to dryness, great care being 
taken at the last to prevent spurting. Any arsenic originally 
contained in the copper is in this manner carried over in the fi)rm 
of chloride of arsenic, and may be condensed in a little water 
with the excess of aqueous hydrochloric acid. The resulting 
liquid may then be tested for the presence of arsenic by boiling 
in it a fresh piece of clean copper gauze or foiL 

^. Modified processes. The peroxide of iron mentioned 
above may be replaced by an equivalent quantity of perchloride 
of iron. Indeed it is better to dissolve the peroxide in excess of 
hydrochloric acid, and then employ the residue lefb on evaporating 
to dryness, which will be free fix>m any trace of arsenic the 
peroxide itself may have originally contained. Moreovery oxide 
or chloride of copper may be substituted for the peroxide or 
perchloride of iron, though not with advantage. Or the copper 
may be dissolved in hydrochloric acid alone, without the addition 
of any special oxygenant, by moistening the metal with the add 
and exposing both to the air for several days. The addition of 
a few drops of a solution of perchloride of iron or chloride of 
copper to the acid greatly facilitates this solution by exposure 
to air. The hydrochloric solution, no matter how obtained, is 
eventually distilled to dryness, and the distillate tested for arsenic. 

(139.) Other Forms of ARSENia 

a. Orpiment and realgar. These sulphides of arsenic 
are yellow or orange-coloured compounds, which volatilise un- 
changed upon the application of heat. Mixed with soda flux and 
heated in reduction tubes, they give rise to sublimates of metallic 
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arsenic ; and the residues, when moistened with hydrochloric acid, 
evolve sulphuretted hydrogen, recognisable by its smell and action 
on lead paper. Orpiment and realgar are not dissolved by boil- 
ing hydrochloric acid, but disappear more or less completely in 
nitro-hydrochloric acid, forming solutions from which arsenic 
acid may be obtained by evaporating to dryness. They also 
dissolve in sidphide of ammonium, and are redeposited on eva- 
porating the liquid to dryness. 

/3. Scheele*s green. This well-known green pigment is 
an impure arsenite of copper. Heated in a reduction tube, it 
yields a crystalline sublimate of arsenious anhydride, and a black 
residue of oxide of copper, which may be dissolved in hydro- 
chloric acid, and tested by the usual reagents. Arsenite of 
copper dissolves in dilute hydrochloric acid, forming a solution 
in which, after precipitation of the copper by excess of oxalate of 
ammonium, arsenic may be detected by sulphuretted hydrogen, 
or by Marshes or Reinsch^s tests. 

(140.) In Organic Mixtures. 

a. A hydrochloric acid decoction may be prepared as already 
described and tested by Reinsch's process. Or the organic sub- 
stance may be distilled to dryness with hydrochloric acid, the 
residue redistilled with fresh hydrochloric acid, the two distillates 
collected in water, and the product examined by sidphuretted 
hydrogen, or by Marsh's or Reinsch's process. Or the tissue, <&c., 
may be destroyed with hydrochloric acid and chlorate of potas- 
sium, the solution submitted to the prolonged action of sulphu- 
retted hydrogen, and the resulting precipitate further examined 
(vide par. 116 /?). 

! IX. ANTIMONY. 

(141.) Antimonial Salts. 

a. Tartar emetic. This compoimd usually occurs as a white 
powder, or in ill-defined crystalline masses. It becomes charred 
by heat, and when ignited with a little carbonate of sodium on 
charcoal before the blowpipe, yields a bead of brittle metal and 
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Fig. 49. 




an abundant white incrustation. It is turned of an orange colour, 
and finally diasolyed by sulphide of ammonium. Its solution in 

water when carefully evaporated 
yields beautifully polarising crys- 
tals (fig. 49), chiefiy tetrahedral, 
but here and there cubical and 
octahedral. When acidified by 
nitric or hydrochloric acid, it fur- 
nishes a white precipitate soluble 
in excess of either acid. 

fl. Chloride of antimony. 
This is a highly corrosive fuming 
liquid, usually having a yellow or 
orange colour firom the presence of 
chloride of iron. Poured into water, it gives rise to an abundant 
white precipitate, which, after thorough washing with water, is 
turned of an orange colour and finally dissolved by sulphide of 
ammonium. The precipitate is also readily soluble in tartaric acid. 
Mixed with carbonate of sodium and heated on charcoal before 
the blowpipe, it yields a bead of brittle metal and an abundant 
white incrustation. 

(142.) In Solution. 

a. Precipitation of trisulphide of antimony. 
A current of sulphuretted hydrogen gas passed into an antimonial 
solution acidified with tartaric acid, throws down an orange pre- 
cipitate, which after washing with water, is insoluble in carbonate, 
but soluble in sulphide of ammonium, forming a solution firom 
which it may be reprecipitated on the addition of an acid. 

/3. Precipitation of oxichloride of antimony. 
Precipitated trisulphide of antimony dissolves completely in hot 
hydrochloric acid with evolution of sulphuretted hydrogen gas. 
The resulting trichloride of antimony, fireed from excess of hydro- 
chloric acid by evaporation to a small bulk, gives when poured 
into water an abundant white precipitate of oxichloride of anti- 
mony, soluble in tartaric acid. 
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y Metallic precipitation on tin. A piece of tin 
foil or bar immersed in the above tartaric acid solution, becomes 
speedily covered with a pulverulent black deposit of metallic 
antimony. 

(143.) Marsh's Test. 

The antimonial solution, acidulated with tartaric acid, may be 
introduced into the original or modified form of Marsh's appa- 
ratus, previously charged with pure zinc and dilute sulphuric 
acid, and the resulting gas examined as follows : — 

a. Appearance of flame, &c. Hydrogen contaminated 
with antimonetted hydrogen produces a black discolouration on 
paper moistened with nitrate of silver solution. It bums with an 
opaque bluish white flame, and evolves a white smoke of teroxide 
of antimony, which, unlike the arsenical smoke, does not produce 
a yellow turbidity with ammonio-nitiate of silver. 

/3. Characters of deposit. When a piece of talc, 
porcelain, or glass is depressed upon the flame, a dark stain or 
deposit is produced, distinguishable from the arsenical stain by 
the following properties : — a, by its comparative want of metallic 
lustre ; ft, by its smoky black colour ; c, by its non- volatility 
save at a heat approaching redness ; d, by its insolubility in 
chloride of lime; 6, by its ready solubility in yellow sulphide of 
ammoniimi, so as to form a solution which on evaporation to dry- 
ness leaves a bright orange stain ; and f, by its yielding after 
treatment with nitro-muriatic acid and evaporation to dryness, a 
residue which does not give a red precipitate with nitrate of silver 
solution. 

y. Decomposition by heat. Instead of burning the 
antimonetted hydrogen, it may be transmitted through a tube 
heated to redness, and finally through a solution of nitrate of 
silyer. The deposit of antimony produced in the tube is charac- 
terised by its position, just before and beyond the exact spot 
where the heat is applied, by its want of volatility, by its non- 
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convertibility into araenious anhydride or arsenic aoid, and by its 
ready solubility in yellow sulphide of ammonium to form a solu- 
tion which leaves a bright orange stain on evaporation. 

^. Reaction with nitrate of silver. Antimonetted 
hydrogen produces in nitrate of silver solution a black deposit of 
antimonide of silver, from which, after washing with water, the 
antimony may be dissolved away by a boiling solution of cream 
of tartar, and precipitated from the resulting solution by sulphu- 
retted hydrogen. 

(144.) Reinsch's Test. 

a. Deposit on copper. The deposition of antimony 
upon copper foil or gaiize boiled in a hydrochloric acid decoction 
of organic matter contaminated with antimony, or in a weak 
acidulated solution of some antimonial salt, takes place exactly as 
does the deposition of arsenic under similar circumstances. The 
highly lustrous deposit of antimony differs from that of arsenic 
in having a marked violet colour, and in being less easily dissipated 
by heat. When a piece of the coated foil or gauze is strongly 
heated in a reduction tube, it either does not afford sny sublimate 
at all, or else a very slight white deposit situated close to the 
heated end of the tube, not having a crystalline chafacter, and 
being practically non- volatile. 

/3. Solution of deposit. When boiled for a few minutes 
in a weak feebly alkaline solution of permanfi:anate of potassium, 
the antimonial coating is dissolved away from the copper, while 
the permanganate loses its colour and furnishes a slight turbidity 
of manganic hydrate. The filtered liquid acidulated with hydro- 
chloric acid and treated with sulphuretted hydrogen, acquires a 
yellowish colour, and on standing deposits an orange precipitate, 
which may be further examined if necessary. Or, i^ the anti- 
monial coating be not very thick, it will suffice to boil the copper 
for some time, with frequent exposure of its sur&ce to the air, in 
a weak solution of caustic potash only, and to treat the resolting 
liquid, after acidification by hydrochloric acid, with sulphuretted 
hydrogen. 
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(145.) In Organic Mixtures. 

The processes of precipitation by sulphuretted hydrogen and 
deposition on copper, are perfectly applicable to acidified organic 
liquids, and to the hydrochloric acid decoctions of organic 
tissues. Or the tissue may be destroyed by hydrochloric acid 
and chlorate of potassium, the solution afler evaporation treated 
by sulphuretted hydrogen, the resulting precipitate dissolved in 
boiling hydrochloric acid, and the solution so formed tested in 
Marsh's apparatus, or by the process of Reinsch. 

§ X.— PEUSSIC ACID. 

(146.) In Aqueous Solution. 

a. Appearance, &c. Prussic or hydrocyanic acid CNH, 
occurs in the state of aqueous solution as a colourless, perfectly 
volatile, feebly acid, mobile liquid. Its vapour, which is given 
off at all ordinary temperatures, is invisible, has an odour said 
to be like that of bitter almonds, and * when inspired even in 
minute quantity causes a peculiar sensation in the &uces. 

/3. Formation of Prussian blue. The turbid greenish 
liquid made by adding excess of potash to solution of ordinary 
sulphate of iron, does not tmdergo any visible alteration when 
mixed with aqueous prussic acid ; but, on acidifying the mixture 
with hydrochloric acid, a bright blue, or sometimes a greenish 
blue colour is developed, due to the production of finely divided 
Prussian blue, which gradually separates as a distinct precipitate. 
Or the potash and sulphate of iron may be added separately to 
the suspected Hquid, and the mixture be afterwards acidulated 
with hydrochloric acid. 

y. Formation of sulphocyanate of iron. Aqueous 
prussic acid, mixed with a drop or two of yellow sulphide of 
ammonium solution and evaporated to dryness at a low tern* 
perature, leaves a residue of sulphocyanate of ammonium, which, 
when moistened with water and tested with a drop of per-^ 
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chloride of iron, produces a dark-red solation of persnlphoc^aiiate 
of iron. 

^. Formation of cyanide of mlyer. Solution of 
nitrate of silver added to aqueous prussic acid throws down s 
white precipitate of cyanide of silver, which quickly subsides 
after agitation. It is not affected by cold nitric acid, but when 
separated from the supernatant liquid dissolves more or less 
completely in the strong boiling acid. The precipitate collected 
on a filter, washed, dried, and heated in a reduction tube, evolves 
cyanogen gas, which if ignited at the mouth of the tube, will 
bum with its peculiar rose-coloured fiame. 

c. Decompositions of precipitate. The precipitate 
treated with hydrochloric acid evolves prussic acid vapour, 
which may be received on the interior of a watch-glass mois- 
tened either with yellow sulphide of ammonium, or with a 
mixture of potash and sulphate of iron, as described under the 
head of the vapour reactions. Or a portion of the precipitate 
may be treated with a drop of yellow sulphide of anunoninm, 
dried at a low temperature, and the residue, after being mois- 
tened with water, tested by a drop of perchloride of iron, when a 
dark red liquid will be produced, easily distinguishable j&om the 
black precipitate of sulphide of silver. Or a portion of the pre- 
cipitate may be treated first with potash, then with a drop of 
sulphate of iron, and lastly with a little hydrochloric acid, when 
Prussian blue will be formed, together with white chloride of 
silver. 

(146.) In Vapourous State. 

The succeeding tests may be applied to the vapour of the pure 
liquid acid, or to the vapour produced by the action of hydro- 
chloric acid upon precipitated cyanide of silver, or to the vapour 
evolved spontaneously from organic liquids or solids containing 
prussic acid. Organic substances which do not react satis&c- 
torily with these vapour tests may be distilled in a water-bath, 
and the distillate treated similarly to the pure aqueous acid as 
above described* 
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a. Formation of Prussian blue. When a mixture of 
potash and sulphate of iron, smeared upon the interior of a watch- 
glass, or preferably on a flat glass slip _» 
(fig. 50), is exposed for a few minutes 
to the action of prussic acid vapour, 
there is produced on acidification with 
hydrochloric acid, a solution of the iron 
magma and development of Prussian 
blue. 

/3. Formation of sulphocyanate 
of iron. A drop of yellow sulphide 
of ammonium placed on a watch-glass or glass slip and exposed 
for a short time to the action of prussic acid vapour, yields, when 
evaporated to dryness at a low temperature, a residue of sulpho- 
cyanate of ammonium, which produces a dark red coloiu:, on the 
addition of perchloride of iron. 

y. Formation of cyanide of silver. A drop of nitrate 
of silver, placed on a watch-glass or glass slip and exposed to the 
action of the vapour, becomes white and opaque from the forma- 
tion of cyanide of silver, convertible into Prussian blue, or 
sulphocyanate of iron, as previously described. 

When the prussic acid vapour from some organic mixture is 
contaminated vrith sulphuretted hydrogen, it produces a blacken- 
ing of the silver salt ; but no interference vrith the sulphocyanate 
reaction is manifested under the same circumstances. 



§ XL— STRYCHNIA. 
(148.) In Pure State. 

a. Nature, solubility, &c. Strychnia is a vegetable alka- 
loid, having the formula CatHMN^O,. It is more or less freely 
soluble in alcohol, chloroform, benzole, and ether ; scarcely at all 
soluble in pure water ; but readily soluble in acidulated water. 
It is capable of uniting vrith and neutralising acids, to form 
definite crystallisable salts, of which the sulphate, nitrate, hydro- 
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chlorate, oxalate, tartrate, and acetate are soluUe in water. 
Moet other strychnia compounds are more or leaa inaohible, 
whence solutions of strychnia salts are precipitated bj a very 
great number of reagents, including hydrate, carbonate, iodide, 
sulphocyanate and chromate of potassium, carbazotic acid, 
phospho-molybdate of sodium, iodide of potassium with iodine, 
potash double iodide of mercury and potassium, peichloride of 
platinum, trichloride of gold, &c. 

/3. Appearance. Strychnia usually occurs in tbe form of a 
crystalline powder, or of well-defined prismatic cryatalsy either 
white, or of a pale buff colour. The ordinary salts of strychnia 
are generally met with as crystalline powders. Strychnia and its 
salts when heated, melt, burn with a smoky flame, and leave a 
carbonaceous residue. 

y. Bitter taste. The bitterness of strychnia is peculiar, 
and has been sometimes spoken of as metallic. Its intensity is 
so great, that one drop of a gallon of water, in which a grain of 
strychnia is dissolyed, presents a recognisable bitter taste ; while 
with j^ part of strychnia in solution, the bitterness is well 
marked and persistent. The taste of strychnia salts is but 
slightly less intense than that of the alkaloid itself. In ycit 
dilute solutions only is the bitterness capable of partial conceal- 
ment by other sapid bodies. 

5. Crystalline form. A drop or so of a spirituous or ethe- 
real solution of strychnia allowed to evaporate spontaneously on a 
glass slip, furnishes a crystalline residue consisting of rectangular 
prisms often terminated by double or single oblique planes, and 
in variously modified octahedra, as shown in fig. 5 1 . The fomiB 
deposited from a chloroformic solution are, for the most part, 
not well characterised. 

€. Precipitation. Aqueous solutions of strychnia salts, con- 
taining from i^ to J55 part of strychnia, are precipitated by 
the several reagents mentioned above, either immediately or 
on stirring ; the most delicate though least characteristic preci* 
pitants being the phospho-molybdate of sodium, and the potaak 
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(K>lution of hjdrargjro-iodide of potassium. Hydrate or carbo- 
nate of potassium causes a gradual deposition of well-defined 
strychnia crystals, insoluble in ex- j^, *i^ 

cesa of the precipitant (fig. 51). 
The precipitates thrown down by 
iodide,sulphocyanate, and chromate 
of potassium, carbazotic acid, and 
the chlorides of platinum and gold, 
are also crystalline. 

C* Action of acids. Strong 
sulphuric acid is without action on 
strychnia, even at and above the 
temperature ofboUing water. Strong 
nitric acid usually produces a yellow, or yellow-brown, dis- 
colouration ; but is said to be without visible action on perfectly 
pure strychnia, although this seems doubtful. 

17. Colour tests. When a little peroxide of lead is added 
to a firagment of strychnia, dissolved in a drop of strong sul- 
phuric acid mixed with j of its bulk of strong nitric acid ; or 
preferably, when a little peroxide of manganese, or bichromate, or 
ferridcyanide, or permanganate of potassium, is added to a frag- 
ment of strychnia dissolved in a drop of strong sulphuric acid, 
there is produced a magnificent purple-blue colour, becoming 
gradually crimson, and finally reddish pink. The delicacy of this 
test, when special precautions are taken, is almost illimitable, less 
than —^— of a grain having been stated to give the reaction. 
With firom -^ to ^^ of a grain it is easily obtainable. In 
operating on small quantities, the following plan may be adopted 
with advantage. The dry strychnia, usually the residue of an 
evaporation, in which case it must be allowed to become quite 
cold, is moistened with the smallest sufiicient quantity of strong 
sulphuric acid. By the side of it is next placed a minute drop 
of a mixture of sulphuric acid with a little very finely-powdered 
amorphous peroxide of manganese, and the two then brought 
into contact. The experiment should be made on a sur&ce of 
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white porcelain, or on a flat watch-glass or g^ass slip, resting on a 
«heet of white paper. 

6. Physiological test. When a minute quantity of solid 
or dissolved strychnia is introduced underneath the incised ridn 
of a small frog, well-marked tetanic oonmlsions are manifested 
by the animal, usually within a quarter of an hour ; and with a 
strong dose almost immediately. This tetanus is said to have 
been produced with so small a quantity as -^ of a grain of 
strychnia ; but the delicacy of the test varies much with the state 
of the animal, freshly-caught young frogs being the most excitable. 

(149.) In Organic Mixtures^ 

a. If a liquid, it is merely acidified, mixed in some cases with 
a little spirit of wine, filtered, evaporated nearly to dryness, and 
the residue extracted with strong alcohol. If a solid, it is brought 
into a state of fine division, and mixed with a little proof spirit 
acidulated with dilute sulphuric or other acid, acetic, oxalic, tar- 
taric, &c. After digestion for some time in a water hath, the mix- 
ture is filtered, the insoluble matters washed with proof spirit, the 
washings added to the filtrate, the whole of the clear liquid 
evaporated down to a small bulk, and the residue so obtained 
extracted with strong alcohol. The alcoholic solution is then 
.evaporated to dryness, the residue dissolved in a little water, the 
liquid filtered into a long tube or bottle, and rendered alkaline 
with carbonate of potassium. Two or three times its volume of 
ether are next added, and the whole shaken up briskly £>r some 
time. After subsidence, the ethereal solution is poured ofiT, and 
allowed to evaporate spontaneously, whereby a residue is left of 
more or less well crystallised strychnia. This may be further 
purified by moistening it with strong sulphuric acid, and heating 
it for some time in a water bath, then diluting with wattf, 
supersaturating the acid liquid with potash, again extracting with 
ether, and evaporating. The final product may be examined 
imder the microscope, by the colour and physiological testa^ and 
by the tongue. In the above process, chloroform or benzole may 
be substituted for the ether. 
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S Xn.— MORPHIA. 

(150.) In Pure State. 

o. Nature, solubility, <&c. Morphia is a vegetable, 
alkaloid, having the formula C^Hi^NOj. It neutralises acids to 
form salts, one of which, the meconate of morphia, exists largely 
in opium, and is the source from which the idkaloid is obtained. 
Morphia is readily soluble in hot, less so in cold alcohol, very 
sparingly soluble in ether, and almost insoluble in water, save in 
the presence of acids. Its ordinary salts dissolve readily in water 
to form solutions, which are precipitable by a great number of 
reagents, including most of those which precipitate strychnia. 
Solutions of morphia and its salts have a well marked bitter taste. 

/3. Appearance, &c. Morphia is usually met with in the 
state of acetate or hydrochlorate, which salts sometimes occur 
finely crystallised, but more often as imperfectly crystalline pow- 
ders of a buff- tinted white colour. The alkaloid itself occurs 
in quadrangular prisms, frequently having two opposite edges 
truncated so as to produce hexagonal forms. Morphia and its 
salts when heated, melt, burn with 
a smoky fiame, and leave a carbo- ** ^*' 

naceous residue. 

y. Crystalline form. Mor- 
phia, when deposited by the spon- 
taneous evaporation of its alcoholic 
or ethereal solution, or when slowly 
precipitated by caustic or carbona- 
ted alkalies from aqueous solutions 
of its salts, occurs in the form of va- 
riously modified prismatic crystals, 
as shown in fig.'52. 

?. Precipitation by potash. A single drop of pota^ 
added to the somewhat concentrated solution of a morphia salt, 
produces after fiome time, or on brisk stiiring, a white precipitate 
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of morphia, very soluble in excess of the precipitant^ but repro- 
ducible bj an absorption of carbonic acid from the air. 

c. Colouration by nitric acid. Strong oolomleat 
nitric acid added, in considerable quantity, to the cold aolutioii 
of a morphia salt, produces a deep orange-red oolooration. Or a 
drop or two of the acid may be added to a little powdered 
morphia or morphia salt, on a watch-glass or capsule, wh^i an 
intense colouration will be at once developed. But the behaviour 
is not peculiar to morphia. 

i. Colouration by a persalt ofiron. A drop or 
two of a carefully neutralised solution of perchloride of iron, 
added to a morphia solution, or to the dry alkaloid or salt, 
produces a deep blue colour, rendered bluish green by any excess 
of the iron solution. 

17. Decomposition of iodic acid. A few drops of 
aqueous iodic acid produce, in solutions of morphia, a brown 
discolouration, only in part due to the liberation of iodine. 
Ammonia, added after a little while, deepens the colour con- 
siderably. A piece of starched paper, dipped into the coloured 
liquid before it has been treated with ammonia, acquires t 
purple colour, save when the quantity of the alkaloid is very 
small. 

6. Reduction of bichromate of potassium. 
Strong sulphuric acid produces no colouration with morphia 
salts or solutions. But a little bichromate of potasaium solution 
dropped carefully on to the sulphuric acid mixture is quicklT 
reduced with production of a bright green colour. 

(151.) Opiate Liquids. 

In the examination of liquids supposed to contain opium the 
presence of both morphia and meconic acid is usually souipht for. 
The last named body is not indeed poisonous, but is character- 
istic of opium, and possessed of well marked propertiea, 
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0. Pi^elimiiiary test for morphia with nitric 
acid. Strong nitric acid, added in considerable quantity to an 
opiate liquid, will often produce a very perceptible darkening or 
even a distinct orange-red colouration. If necessarj, the original 
liquid, may have its colour reduced by moderate dilution with 
water before the addition of the acid. 

/3« Preliminary test for meconic acid with 
per chloride of iron. To the opiate solution reduced to 
a pale colour by dilution with even a very large proportion of 
water, a few drops of perchloride of iron are added, when, if 
meconic acid be present even in small quantity, a distinct red- 
dening of the liquid will be produced. 

y. Precipitation ofmeconate oflead. The opiate 
liquid acidulated with acetic acid, is treated with acetate of lead, 
so long as a precipitate continues to be produced, when the whole 
is well agitated, and after partial subsidence, thrown upon a wet 
filter. Meconate of lead remains as an insoluble deposit on the 
paper, while the filtrate contains acetate of morphia, together 
with the excess of acetate oflead. 

1. Production of meconic acid from precipitate. 
The precipitate having been thoroughly washed with water, is 
boiled for some minutes with a small quantity of dilute sulphuric 
acid, and the mixture thrown upon a filter, whereby a solution of 
meconic acid is obtained. Or the washed precipitate suspended ;n 
a little water may be treated with excess of sulphuretted hydrogen 
gas, and the clear liquid filtered ofi^, and gently evaporated. 

€. Test for meconic acid by persalt of iron. The 
filtrate produced by either of the above means is then tested with 
a few drops of perchloride of iron, which should produce a dark 
logwood red colour, through the formation of meconate of iron. 
The red liquid does not alter its colour on boiling, in which 
respect it differs firom the similarly coloured solution of peracetate 
of iron, neither is it bleached by treatment with corrosive sub- 
limate, in which respect it differs firom the similarly coloured 
solution of Bulphocyanate of iron. 
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f. Separation of morphia. Throtigb the liquid filtered 
from the precipitate of meoonate of lead, but hayisg more or len 
acetate of lead in solution, a current of washed sulphuretted 
hydrog^i is passed, until the smell of the gas is persistent eren 
after agitaticn, when the whole is thrown upon a filter. The 
clear filtrate containing acetate of morphia, is evaporated down 
to a small bulk, supersaturated with carbonate of potaaaium, and 
agitated with an ethereal solution of acetic ether. After subsi- 
dence, the ethereal solution is poured off and allowed to evapo- 
rate spontaneously, when there is left a residue of morphia m 
more or less well defined crystals, to which the severaJl teats f<x 
the alkaloid can be successfully applied. 
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CHAPTER IV. 
ANIMAL CHEMISTRY. 



§ L— COMPOSITION OF TISSUES, &c 

> 

(152.) Oroakig and Mineral Constituents. 

a. The animal fluids and tissues consist of water together with 
a certain amount of solid matter. When an animal tissue or 
fluid is kept for some time at, or a little above, the temperature 
of boiling water, its aqueous portion evaporates off more or less 
completely, leaving the dry solids behind. This residuum, when 
heated upon platinum foil, imdergoes combustion ; some of its 
constituents are dissipated, and a black carbonaceous mass 
remains. If this carbonaceous residue be further heated for some 
time, especially in a current of air, the black colour will gradually 
disappear, and a white ash, fusible or infusible according to cir- ' 
cumstances, will be left upon the foil. The components of dried 
animal matter are thus separated into two classes ; one jcomprising 
the substances which are destroyed by iire, and which are called 
the organic constituents ; the other comprising the substances 
which resist the action of fire, and which are called the inorganic 
constituents, or more simply the ashes. This distinction, how- 
ever, is not absolute. 

The organic components of animal matter consist principally \ 
of— 

Carbon. Nitrogen. 

Htdrookn. Sulphur and 

Oxygen. Phosphorus. 



184 ooxpoonoN or tubusb, no. 

These aie also called the elementary or uUmiate prindiplei of 
ofgaaio bodies. 

The ashes oonsiBt principallj of — 



Sodium. 


Sulphuric Acid, 


Potassium. 


Phosphoric Acid 


C/ALaUM. 


Carbonic Acid. 


Magnesium. 


CinX)RINE. 


Iron. 


Fluorine. 



Nearly all animal products are composed of both oiganic and 
inorganic constituents. Some few substances, however, pertain 
almost entirely to one class : thus, while the enamel of the teeth 
contains scarcely any organic matter, some of the cryBtals of urie 
acid met with in the urine afford scarcely any ash. 

In animal tissues or fluids, the xdtimate organic elements aie 
combined with one another in a variety of ways, constitnting 
definite compounds, which are known as proximate organic 
principles : thus in urine we may have all the above-mentioned 
ultimate principles united with one another, to form the proximate 
principles, urea, uric acid, sugar, albumen, &e. 

The muscular tissue is a very suitable material to be employed 
for the demonstration of the principal organic and mineral con- 
stituents of animal bodies : the same general plan is adopted in 
other instances. 

(153.) Ultimate Organic Constituents. 

a. Desiccation. The flesh or other tissue is cut into fonall 
pieces and dried in a water bath until it ceases to lose weight 
By this means it is divided into an aqueous portion which hat 
evaporated, and a solid portion which remains. Nearly all animal 
matters behave in a similar way ; but nitrogenous substances 
having an alkaline reaction, give off water containing a variable 
amount of ammonia. 

/3. Destructive distillation. A few fragments of the dried 
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'flesh are placed in a reduction tube, into the mouth of which are 
inserted a narrow strip of red litmus paper, and a similar strip of 
lead paper. On applying the heat of a spirit-lamp, water will 
condense in the upper part of the tube, proving the presence of 
oxygen and hydrogen in the flesh — ^a smell of ammonia will 
be given ofi^, and the litmus paper become blue, results indicating 
the presence of nitrogen — ^the lead paper will become blackened, 
showing the presence of sulphur — and lastly, a black mass 
consisting chiefly of carbon will remain in the tube. 

y. Incineration. If some of the dried flesh be heated 
upon a piece of platinum foil, or in a shallow capsule, it will swell 
up, bum with a smoky flame, and leave an abimdant carbonaceous 
residue. On continuing the application of heat for some time, 
the carbon will gradually bum away. Its disappearance may be 
Militated by occasionally pulverising the coherent residue residt- < 
ing from the ignition. Throughout the process the temperature 
should not exceed, or indeed scarcely arrive at, a full red heat. 
As soon as a pale grey or ochry red ash is produced, the heating 
may be discontinued. 

I. Detection of nitrogen. A little of the finely divided 
dry substance is intimately mixed with ten or twelve times its bulk 
of soda-lime (made by slacking quicklime with caustic soda solu- 
tion) and the mixture heated in a reduction tube, whereby 
ammonia is given ofl^, recognisable by its smell and reaction on 
test-paper. 

€. Detection of sulphur. Bodies of a moderately light 
colour may be tested for sulphur by boiling them in aqueous 
potash, to which solution of acetate of lead has been added in 
quantity insuflicient to render the liquid permanently opaque. 
Should the substance so treated contain sulphur it will become 
stained of a brown or black colour, which cannot be removed by 
subsequent washing with water. If a substance is stained in the 
above manner when boiled in a potash solution of lead, and is 
scarcely or not at all deepened in colour when boiled in a solution 
of pure potash (free from lead), the presence of sulphur is certain. 
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in the case of bodies readily soluble in potash water, the resolts 
are not quite so characteristic. 

f. Deflagration with nitre. A little of the dried and 
finely divided animal matter is mixed with about an eqnal bulk 
of powdered nitre, and the mixture projected in small portions at 
a time into a porcelain crucible kept at a red heat. Deflagration 
immediately takes place, and, in the fused residue, the presence of 
carbonic, sulphuric, and phosphoric acids, resulting from the 
oxidation of carbon, sulphur, and phosphorus respectively, may be 
ascertained by the usual tests. 

In performing the above experiments, very different results 
will be obtained with differerit substances, such, for instance, as 
pieces of flannel, hard white of egg, refined gelatine, sagar, 
fiit, &c. 

(154.) Ash of Animal Matter. 

a. A small portion of the ash, resulting from the incineration 
of any kind of animal matter, is placed on a watch-glass, moistened 
with water and examined by test-papers. Should it not have an 
acid reaction, a drop or so of nitric acid is to be added, and any 
e£ferve8cence due to carbonic acid carefully noted. The re- 
mainder of the ash is boiled in a small quantity of water for 
some time, a few drops of carbonate of ammonium solution added, 
the whole thrown upon a filter, and the filtrate set aside for ex- 
amination. The residue is then well washed with water, boiled 
in a little hydrochloric acid with which a few drops of nitric acid 
have been mixed, the liquid evaporated just to dryness, dilated 
with water, and filtered. In this manner an aqueous and an 
acidulous solution are obtained, containing respectively : ,. 

Aqueous Solution. Acid Solution. 

Potassium. Iron Peroxidb. 

Sodium. Calcium. 

Sulphates. Magnesium. 

Chlorides. Phosphatbs. 
Phosphates. 



ASH or AKIMAL ICATTER. 187 

)3. Treatment of acid solution. A little of this solution 
may be examined for phosphoric acid by molybdate of am* 
aaonium (par. 100 ^.), and another portion tested for iron by 
ferrocyanide or sulphocyanate of potassium (par. 77). To the 
remainder of the solution acetate of ammonium is added, and, in 
the event of there being no decided reddening produced, a little 
perchloride of iron also. The whole is then boiled for some 
time, whereby a red precipitate of basic phosphate of iron is 
thrown down, the deposition of which may .sometimes be &cili- 
tated by the careful addition of ammonia in quantity not suffi- 
cient to produce neutrality. The boiling liquid is next filtered, 
whereby a clear colourless solution should be obtained, perfectly 
free from both iron and phosphoric acid. Excess of oxalate of 
ammonium added to this solution throws down a precipitate of 
oxalate of calcium. The resulting turbid mixture, having been 
well shaken or stirred, is set aside for a little while, and, after 
partial subsidence, passed once or twice through filtering paper, 
when magnesium may be tested for in the clear liquid by 
means of ammonia and phosphate of ammoniimi. 

y. Treatment of aqueous solution. Separate portions 
of this solution, acidified with nitric acid, may be tested for 
sulphates by chloride or nitrate of barium (par. 95 a.) ; for 
chlorides, by nitrate of silver (par. 96 a.) ; and for phos- 
phates, by molybdate of ammonium, or by sulphate of magne- 
sium and ammonia (par. 100 L a). Or a single porti<m of the 
acidified solution may be tested witJi a few drops of nitrate of 
barium to precipitate sulphates ; then filtered and treated with 
excess of nitrate of silver to precipitate chlorides ; then again 
filtered and carefully neutralised with dilute ammonia to throw 
down the yellow phosphate of silver which the previously free 
nitric acid held in solution. 

The remainder of the liquid has to be evaporated to dijness, 
and the residue, after gentle ignition, dissolved in a small quan- 
tity of water. The solution, filtered if necessary, and acidulated 
with hydrochloric acid, is carefully evaporated down in a watch- 
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glass or capsule, when cubes of common salt will crystallifle out, 
showing the presence of sodium. The mother liquor from these 
crystals is then to be treated with perchloride of platinum and 
alcohol, when, on stirring, a crystalline yellow precijatate of 
platino-chloride of potassium will be deposited. Or the solu- 
tion, acidified with hydrochloric acid, may be treated at once with 
perchloride of platinum and alcohol, the yellow liquid filtered 
from the potassium precipitate and eraporated down, when 
yellow crystals of platino-chloride of sodium will make their 
appearance. 

{ U.— NORMAL UBIKE. I 

(195.) General Properties. 

o. Appearance, &c. Healthy human urine is an aqueoiu 
liquid in which various compoimds, oiganic and mineral, are 
dissolved, and certain other substances held in suspension. It 
has an amber colour, a slightly acid reaction, a chaiacteristic 
though not powerful odour, and a sp. gr. usually rang^ing within 
a few degrees of 1020. The substances suspended in urine are 
epithelium and mucus. Its dissolved organic constitaents are 
urea, uric acid, and hippuric acid, with colouring and other extrac- 
tive matters. Its inorganic or mineral constituents are sodium^ 
potassium, calcium, and magnesium, in the form of phosphates, 
sulphates, and chlorides. The student is expected to identify 
these several substances, to make himself acquainted with their 
characteristic appearances, and to realise their principal reac- 
tions. A good quarter-inch object-glass is requisite for micro- 
scopic examination. 

p. Mucus, epithelium, &c. Recent urine set aside for 
some little time in a glass vessel gradually deposits a loose 
flocculent sediment, readily visible upon holding the specimen 
between the eye and the light. When examined microscopically 
it is seen to consist of epithelial cells, derived from difiEerent por- 
tions of the urinary apparatus, together with granular or mucus- 
corpuscles. By filtration, these suspended urinary constituenti 
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remaiD on the filtering paper aa a icarcely visible deposit, while 
the urine itself passes through perfectly br^ht. On gently 
drying the filtering paper, the deposit aaaumea a Tamiah-like 

(156.) Urea. 

a. Ita detection. A little of the filtered urine, concen- 
trated by careful erapotatdon in a watch-glasa, and treated with 
a few drops of strong colourless nitric acid, yields either at once 
or very speedily a ciyatalline deposit of nitrate of urea. This 
depomt, when examined under the microscope, is seen to consist 
of delicate ux-sided plates, guperimpoaed upon one another so as 
nauallytoprevent more than three or 
four of the udes of any one crystal '*' "' 

being recognisable, as shown in fig. 5 3 . 
The nitrate of urea may be formed in 
a watch-glass and then tianaferred 
to a slide, or it may be dissolved in i 
water and recrystallised on a slide, 
or nitric acid maybe added to some 
concentrated urine jn^viously placed 
in the field of the microscope, and 
the actual process of crystallisation 
obeerved. 

/3, Preparation of urea. A couple of ounces or so of 
fresh and filtered tirine are evaporated on a water-bath or gently 
heated sand-bath to a syrupy conristency, and a quantity of 
strong colourless nitric acid about equal in bulk to the concen- 
trated urine added thereto, when the mixtore, upon cooling, 
becomes semi-solid from the formatioii of nitrate of urea. The 
crystalline mass is drained on a tile, or pressed between several 
folds of blotting paper, then dissolved in a little warm water, 
and the resulting solution treated with an excess of carbonate 
of barium. Upon concentrating the filtered liquid, nitrate of 
barium crystallises ont first, while urea remains in the mother 
liqnor^ which is evaporated to dryness over a water-batli. From 
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this reaidne warm alcohol extracts the are», and, on oooling or 
■low «TsporatioD, depouti it in the fram of long flattened pris- 
nuttio exyMtalMf as shown in fig. 54. 

Fig- 54- y. Properties of urea. Ure» 

aves in eome respects like an 
organic base, being capable of nnit- 
g with certain acids, notably the 
trie and oxalic acids, to form aalta. 
4 It diasoWes readily in water and 
^ alcohol, producing solutions which 
are neutral to test-paper. The fbr- 
tnula of urea is CH4N.O, and that 
of nitrate of urea CH^N.O.HNO,. 
Urea is isomeric with cjanate of 
ammonium NH.CNO, which undei^oea spontaneous conversion 
into it ; and ako isomeric, if not idenldcat, with catbanude 
N^,(CO)". Heated with water under pressure, it ia trans- 
formed into carbonate of ammonium, thus: CH^N.O + aH,0 
— (NHj),CO,. The same change takes place Bpontaneously in 
pntrefyii^ urine, and is also brought about bj acting on urea 
with strong potash or sulphuric acid, except that the result- 
ing carbonate of ammonium is then broken up by the reagent 
employed. 1,000 parts of urine contain, on the average, about 
1 5 of urea. 

(157.) Uric Acid. 

a. Its detection. This compound occurs but in amaQ 
quantity in healthy human urine, 100 parts of which con- 
tain, on the average, not more than half a part of urio 
acid. In order to detect its presence, a couple of ounces 
or so of filtered urine are reduced to one-half the original 
bulk by evaporation, a little hydrochloric acid added to the 
concentrated liquid, and the whole set aside in a cool placa 
for some hours, when the interior of the Tesael will be found 
■studded with small brown crystals of impore oric acid. lo 
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^e case of urine having a moderately high specific gravi^, con- 
centration is unnecessary. Afler pouring off the supernatant 
liquid, the crystals are detached, washed with water, and dissolved 
in a few drops of warm potash. The resulting solution of urate 
of potassium is then filtered, and acidulated with hydrochloric 
acid, whereby a crystalline precipitate of uric acid is thrown 
down, which may be examined microscopically and by the action 
of nitric acid, as described below. 

0. Preparation of uric acid. Uric acid cannot well be 
prepared, in any quantity, fi:om normal human urine. But it 
may be easily obtained from the common brickdust urinary 
deposit, collected on a filter and washed with water ; or from 
powdered uric calculi ; or the excreta of serpents. Any one of 
these substances is boiled with caustic potash, the solution diluted 
with water, filtered, and supersaturated with hydrochloric acid, 
whereby a very considerable opacity is at first produced, which, 
however, speedily disappears, and is replaced by a dense crystal- 
line precipitate, from which the supernatant liquid may be readily 
poured offl 

7. Properties of uric acid. Uric acid furnishes two 
classes of salts, acid and neutral, and is consequently dibasic. 
Its formula is C5H4N4O3. The formula for a scarcely soluble or 
acid urate is CgMHjN^Oa, and that for a soluble or neutral urate 
C^^s^UtTilfiy Uric acid itself is extremely insoluble, both in 
water and alcohol ; but is soluble in alkaline solutions, forming 
neutral urates, and reprecipitated therefrom on the addition of an 
acid. It always occurs in the crystalline state, the appearance of 
the crystals, however, being very various. Occasionally the acid 
is met with in its normal form of the rhombic prism, more fre- 
quently in rhombic plates with the obtuse angles more or less 
roimded off", or in acuminated doubly-convex lozenge-shaped 
plates, or in elongated fiat plates with excavated ends. Some of 
the forms of uric acid crystals are shown in figs. 55 and 56. 
Uric acid dissolves readily, with effervescence, in nitric acid, and 
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OB eTaponting the M^atioD to drjmeiB ut kmorphooa pinkirii 
lesdufl is left. Thu, whai moistened with ^Trnn"ni«, ■saomH s 




fine cnmsoa colour, which is changed to violet o 
of * smaU quantity of caustic potash. 



(ijS.) HipPuBic Acid. 

a. Its preparation. 'Although this add exists, in heajthj 
human urine, in nearly the same propcotion as uric acid, yet ib 
presence therein does not so readily admit of demonatnttiui. It 
can, howeTOT, be easily procured from the urine of herbiTon, 
and from that of patients who hsTe been taking benzoic add h 
a medidne. To prepare it from eiliher of these source^ &e 
recent filtered urine is evaporated down to one-Snirth of its btdk, 
and then treated with an equal volume of ordinary hydrodiloric 
acid, when, on cooling, long prismatic needles of impure hippuiic 
acid crystalliBe out. These, after being washed with a little cold 
water, axe dissolved in boiling water, and the solution set aside to 
crystallise. 

/3. Properties of hippuric acid. The hippuric is s 
monobasic add, represented by the ibrmiila C,^NO,. It ii 
soluble in water, alcohol, and ether. The crystals obtained hj 
cooling the hot aqueous solution on a shdo consist vf delioat* 
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prisma, often presenting the ftppearance of elongated six-sided 
plates, as shown in fig. 57. 

By proloDged boiling with con- 
centrated hydrochloric acid, hip- 
puric or glyco-benzoic acid absorbs 
a molecule of water, and breaks up 
into benzoic acid and glycocine or 
sugar of gelatine, thus: C,H,NOj I 
+ H,0 = C,HsO, + C.H5NO,. The 
larger proportion of the former pro- 
duct is dissipated by evaporation ; 
but the glycocine may be detected 
by adding to the Hqnid a drop or so 
of aqueous sulphate of copper and ar 
deep blue-coloured solution is produced, unaffected by ebullii 




(1J9.) COLOHRINO AND EXTRACTIVE MatTEBS. 

a. Purpurine, &c. When healthy urine is boiled in a test- 
tabe with about one-fourth its bulk of hydrochloric acid, a deep 
brownish -purple colour is produced, due to the metamorphosis of 
a peculiar highly carbonised pink colouring matter, known as 
purpurine. The common pink deposits of alkaUne urates owe 
tlieir colour to this purpurine, which haji a great tendency to 
become precipitated with them. Hence, when perfectly white 
urate of ammonia, boa's excrement, for instance, is boiled in 
urine containing much purpurine, it is deposited on cooling of 
a pink colour, from its carrying down some purpurine with it. 
When these coloured deposits, natural or artificial, are boiled in 
alcohol, the purpurine is dissolved, furming a pinkish-red solution. 
The relation in which purpurine stands to the yellow coloiuing 
matter of urine is not satisfcctorily established. 

j3. Extractives. The remaining organic urinaiy constituents 
are called by this name. They generally amount to about one 
per cent, of the urine. Included among them is some principle 
containing sulphur in an onoxidised form, also kreatine and 
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kreatinine, rabstaoces derived from the oxidadon of maack, and 
found more lar^y in the juice of £esh. Schunok haa notioed 
in nrine the habitat presence of a subetanK, allied to indican, 
decompouble by an absorption of water into grape sogar and 
indigo-blue. 

(i6o.) Mineral Salts. 
a. Ash of urine. This may be examined according to tlie 
directions preriously gjven for the analysis of animal ashes 
(par. 14+). It will be usually found to contain calcium, mag- 
nesium, sodium, and a small quantity of potassium, in the form 
of carbonates, sulphates, phosphates, and chlorides. The readu« 
left after the ash has been acted upon by acid, consists principally 
of carbon. When this residue is ignited for some time, a 
minute white ash remains, which is said to cont&iu silica and 
fluorine. 

/J. Most of the inorganic constituenta of nrine may be de- 
tect«d in the secretion itself after simple filtration. On the 
addition of ammonia a white precipitate is produced, which, 
when examined microscopically, is seen to consist of amor- 
phouH pranules of phosphate of calcium and characteris- 
tic stellate feathery crystals of ammonio -phosphate of 
magnesium. If healthy urine, especially that passed after s 
j^ jg night's rest, be evaporated very gra- 

dually upon a glass slide, minntc 
octahedral crystals of chloride of 
sodium may be detected by mi- 
croscopic examination Generally 
speaking however the common salt 
18 Been in the form of very complex 
ris,ht angled crosalets (stauroidcrys- 
tile) arranged somewhat like cht- 
tatix de fnse On the axes and 
extremities of these forms, octahe- 
drons may occasionally be reww- 
by a good defining glass Fig 58 shows one of the 
many appearances presented by careftilly evaporated unne. 
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SiilpbtiTic aiid hjdrocMorioacidi^ jxksn^ he detected in urine by 
the usual tests. 

§ ni. ABNORMAL. UEINE. 

The abnormal constituents of urine which do not necessarily 
give rise to deposits, are albumen, sugar, biliary matters, and fat. 

(161.) Albuminous Urine. 

a. Appearance, &c. The general appearances of albuminous 
urine vary considerably. Sometimes it* presents nothing un- 
usual in its aspect; often the flocculent deposit formed by 
repose is larger in amount than that of the healthy secretion ; 
occasionally the urine has a &intly opalescent appearance, 
not removable by filtration; and very fi-equently it is met 
with, black, brown, or red, from the presence of altered blood, 
with or without the occurrence of a deposit of bloodyglobules. 
Albuminous urine when shaken retains the froth. fcK^ long time; 
its specific gravity is very variable. 

/3. Testbyboiling. Some of the suspectedi urine is boiled 
in a test-tube, when should albumen be present, a turbidity will 
be produced, the amount of which may vary from a feint cloud 
to a bulky precipitate rendering the urine nearly solid. Impedi- 
ments. — a. Albumen when dissolved in alkaline fluids is not 
necessarily deposited upon boiling, the formation or non-forma- 
tion of a precipitate having reference to the relative quantities of 
albumen and alkali respectively present. Therefore, in testing an 
alkaline urine for albumen, the liquid should first be rendered very 
faintly acid with acetic acid. 5. A previously opaque condition 
of the urine interferes with the action of this test. This inter- 
ference may be lessened, if not removed, by filtering the urine 
before applying heat thereto. In urine containing deposits, the 
clear liquid can generally be poured off and tested separately. 
But deposits of urates do not impede the action of this test, as, 
upon heating the urine, their dissolution takes place before 

the precipitation of any albumen, c. Albuminous urine, to 

o 2 
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Fig. 59. 



tirine, and the whole heiited to the boiling point, when the pro- 
^dnction of an orange precipitate of suboxide of copper will show 
the presence of sugsnr. The test solution is made hj disaolving 
•about 20 grains of sulphate of copper and 40 grains of neutral 
tartrate of potassium in an ounce of the officinal solution of potash, 
whereby a clear deep blue liquid should be produced, which may 
be filtered if necessary. 

e. Tin test. The reductions of salts of tin, bismuth, silver, 
•and chromic acid by grape sugar at a moderate heat, have been 
made the bases of separate tests. The tin test is best performed 
by having ready-prepared strips of merino or other woollen (not 
•cotton or linen) tissue dipped in solution of dichloride of tin and 
then dried in a water-bath. On moistenmg one of these strips 

with diabetic urine, and holding it near 
the ^By or otherwise heating it to a 
temperature of about 300® F., a brown- 
ish-black coloration quickly makes its 
appearance. This is a convenient cli- 
nical test, and one of great delicacy. 

i^. Fermentation test. Ordinary 
yeasty or the dried Grerman yeast, is 
mixed with water, and a long test-tube 
completely filled with the suspected 
urine, to which a little of the yeast 
liquid has been added. The tube is 
ifhen closed with the thumb, and in- 
verted in a saucer containing a little 
of the urine under examination, so 
that no air may enter the tube ; and 
the whole set aside in a tolerably warm 
situation. The temperature ought not 
to be below 70® Fahrenheit. Should 
the tirine be saccharine, minute air-bubbles will speedily make 
their appearance, and in the course of an hour or so a very 
definite quantity of gas will occupy the upper part of the tube, 
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as shown in fig. 59 ; but other forms of apparatus may be em- 
ployed. The sporules and thallus of the sugar Aingus, or yeast 
plant, are said to be recognisable in stale saccharine urine. 



Fig. 60. 



(163.) Biliary Urine. 

a. Appearance, &c. Biliary urine has a yellowish-brown 
colour, and a persistent bitter taste. It is doubtful whether the 
urine as voided ever contains more than a trace of the true biliary 
salts, for the detection of which substances only is 
Pettenkofer's test adapted (vide par. 178); but 
Heller^s test, and the nitric acid test, react upon the 
colouring matter of bile, which not unfrequently 
finds its way into the urine. 

/3. Nitric acid test. A little of the tu*ine, 
previously concentrated if necessary, is poured on to 
a white plate, so as to form a thin layer, upon which 
a few drops of strong nitric acid are then let iall. 
Where the acid comes into contact with the biliary 
urine, a peculiar play of colours is produced — green, 
pink, violet, and yellow, being readily recognisable. 
Or a mixture of the urine with dilute nitric acid may 
be carefully poured on to some strong sulphuric acid, 
when the characteristic colouration will take place 
at the junction of the two liquids, as seen in fig. 60. 

y. Heller^ s test. For the application of this test the urine 
is required to contain albumen; hence it must be mixed, if 
necessary, with a little diluted white of egg, serum of blood, or 
some other urine containing albumen. Nitric acid is then added, 
when, if bile be present, the precipitate will have a faintly 
bluish or greenish colour ; but the test is not very satis&ctory. 




(164.) Fatty Urine. 

a. Fat globules, &c. The conditions in which fat occurs in 
the urine have not been ascertained with any degree of precision. 
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Occasionallj, when examining the ordinarj Hocculent deposit of 
urine by means of the microscope, isolated fat globules may be 
recognised. Fat occurring only in this state is believed by some 
observers to be necessarily of extraneous origin. In some forms 
of Bright's disease the fibrinous casts of tubes and the epithe- 
lial cells, particularly those derived from the kidney, are seen 
loaded with fat, and at the same time isolated &t globules may be 
detected. 

/3. Chylous urine. Occasionally this curious variety of 
urine is met with : the secretion is more or less opaque, always 
contains albumen, frequently gelatinises on cooling, and, when 
examined microscopically, displays an abundance of minutely 
divided granular matter, and a few granular cells similar to those 
found in the chyle, but no fat globules. Fat, however, may be 
readily obtained by agitating the urine with ether, and evapo- 
rating the ethereal solution. 

y. Kie stein-urine. In the urine of pregnant women the 
so-called kiestein may be recognised. The secretion has generally 
an acid reaction, and by repose becomes faintly opaque. In the 
course of two or three days a fat-like scum rises to the surface, 
remains there for two or three days, and then sinks to the bottom 
of the vessel, the urine becoming at the same time ammoniacal. 
When this scum is examined microscopically, it is seen to consist 
of crystals of triple phosphate, with a few fat globules, imbedded 
in a dense granular matter, which appears to be of an albuminous 
character, containing, however, minutely divided fat. Kiestein 
urine, by keeping, frequently evolves a powerful odour of putres- 
cent cheese. Its occurrence is no longer regarded as positively 
diagnostic of pregnancy. 



§ IV. UEINARY DEPOSITS. 

These may be distinguished into chemical compounds either 
crystalline or amorphous, and structural or organised compounds. 



ubAtes and phosphates. 
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(165.) Chemical Deposits. 

a. Urates or lit hates. — Every deposit which disappears 
upon the application of heat, consists of uric acid in combination 
with various bases. These urates are sometimes white, but 
generally more or less coloured with purpurine, which may be 
partially extracted from them by means of boiling alcohol. They 
form a bulky deposit, nearly always amorphous, occasionally 
appearing in the form of minute spheres with protruding spicula. 
Urate sediments dissolve readily on the addition of caustic 
potash, the solution when boiled giving off ammonia. Moreover, 
they yield a residue of murexide, when treated with strong nitric 
acid, evaporated to dryness, and held over the vapour of am- 
monia. The urine in which these deposits occur has generally 
an acid reaction. 

/3. Earthy phosphates. — Nearly every deposit which dis- 
appears upon the addition of hydrochloric acid consists of earthy 
phosphates. These salts form a bulky opaque white deposit, 
which, unless associated with mucus, is easily diffusible upon 
agitation. The urine itself is mostly alkaline, or neutral, or 
but very faintly acid. Deposited 
phosphate of calcium is usually 
amorphous, save in acid urine, 
where it sometimes occurs in pe- 
culiar radiated or penniform crys- 
tals. The ammonio-phosphate of 
magnesium crystallises in variously 
modified triangular prisms, often 
simulating irregular six-sided platen, 
as shown in fig. 61 ; and in very 
ammoniacal urine is met with in the 
form of stellate feathery crystals. 

In some cases this deposit is seen as an iridescent pellicle, and 
occasionally it remains for a long time suspended in the urine. 

y. Uric acid. — Every obviously crystalline deposit, having a 



Fig. 6t. 
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distinctly yellow or red colour^ consists of Uric add. The colour, 
specific gravity, and acidity of urine yielding uric acid sediments 
are generally rather above than below the average. The depofdt 
is compact in its appearance, and subsides quickly after agitation. 
It is readily soluble in potash, from virhich solution it is repre- 
cipitated on the addition of hydrochloric acid. When treated 
vnth strong nitric acid, evaporated to dryness, and held over the 
vapour of ammonia, it yields murexide. Uric acid deposits are 
very rarely indeed devoid of colour. They are met with in 
variously modified crystalline forms (vide par. 147). 

I, Oxalate of calcium. This salt seldom if ever forms a 
distinct sediment. It may be detected by allowing the urine to 
stand at rest for some time, and then pouring away all but the 

last portions, which must be ex- 
amined microscopically. It occurs in 
well-marked octahedrons, the crys- 
'^ ^9 ^^ ^ ^ tals generally appearing to have a 

square outline, and their opposite 
angles being connected by markings, 
as shown in fig. 62. The sediment 
may be rendered apparent to the 
naked eye, by warming the residue 
of urine, left after pouring away the 
greater portion, giving it a rotatory 
motion, and allovring it to stand for 
a few minutes. Then on pouring off the remainder of the inline, 
and replacing it by water, a white glistening depodt becomes 
visible. The deposit of oxalate of calcium is scarcely at all 
affected by cold potash. It dissolves without effervescence in dilute 
hydrochloric acid, forming a solution which effervesces on the 
addition of a little peroxide of manganese. There are occasion- 
ally found associated with octahedrons of oxalate of calcium, 
certain dumb-bell-shaped crystals, said to consist of oxalurate of 
calcium. They are insoluble in potash, soluble in hot hydro- 
chloric acid, and when incinerated leave a residue of carbonate of 
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Fig. 63. 



calcium. Deposits of uric acid and phosphates have been occa- 
sionally met with in the dumb-bell form. 

e. Cystine. This deposit occurs somewhat rarely, in the 
form of a bulky, easily diffusible deposit, resembling in its appear- 
ance the white or pale lithates. When examined microscopically 
it is seen to consist of rosette-like plates, in which a hexagonal 
outline may sometimes be recognised. Afler pouring off the 
supernatant urine, the sediment will be found to be insoluble in 
acetic acid, soluble in hydrochloric acid, and very soluble in 
ammonia. When the ammoniacal 
solution is allowed to evaporate 
spontaneously on a slide, very well- 
defined, transparent hexagonal 
plates ciystallise out, as shown in 
fig. 63 . Cystine is remarkable for 
containing twenty- six per cent, of 
sulphur, so that when cystic urine 
is boiled with a solution of acetate 
of lead to which potash has been 
added in sufiScient excess to dis- 
solve the precipitate at first thrown 
down, the whole becomes nearly black, from the formation of 
sulphide of lead. Cystic urine has when recent an aromatic, 
when decomposing a very foetid odour. The formula of cystine 
is C3H7NSO,. 

(166.) Oroaxised Deposits. 

a. Normal sediment A fiocculent deposit, varying 
slightly in quantity and appearance, always separates from urine 
by repose. When examined microscopically it may show, in 
addition to the usual mucus-corpuscles and epitheliimi-cells, 
torulss characteristic of saccharine urine, casts of uriniferous tubes 
indicative of Bright's disease, fat globules, whether free or con- 
tained in a cell wall, vibriones, spermatozoa, blood globules, 
exudation globules, minute crystals of oxalate of calcium, and 
occasionally of uric acid, &c. &c. 
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/3. Pus. This nibsUiice preaeats a different appesTaitoe 
ftccordinglj aa it occurs in acid or alksline lurine. In add 
urine, purulmt deposits rink to die bottom of the vewel, and 
form a greenish-yellow opaque layer, haTing a creamy con- 
ristency, an easy difiusibility on agitation, and a slow sabridency 
on repose, gelatinising when ^tated vrilh an equal bulk of 
caustic potash, and in lact presenting all the ordinaiy qualities, 
pbyucal and microscopical, of pus. in alkaline urine tlie deporit 
is Tiscid, tenaoiouH, ropy, not difiiisible on agitation, and is 
mixed up with the earthy phosphates, which may, however, be 
separated by the action of dilute hydrochloric acid. Purulent 
urine it necessarily albuminous. WLen a deposit of pus has been 
agitated with ether, the resulting 
ethereal solution, upon being poured 
off and evaporated, leaves a oonri- 
derable reudue of oily globulea: 

The pus corpuscles, which, how- 
iver, can scarcely be said to exist 
after the action of an alkali, consist 
/ of circular granulated cells, some- 
what larger than blood globules, as 
shown in fig. 64. When acted on 
by acetic acid, they swell up very 
considerably, their margios become 
r four small granular masses appear in 



Eg- 64. 




7. HucuB. A little mucus is always met with, even in 
normal urine. It may be much increased in quantity without 
being appreciably altered in chaiuct«r; but ofUner it occurs 
in the form of gelatinous masses, which sink to the bottom of the 
vessel, or, from the entanglement of air-bubbles, remain for a 
long time suspended in the urine. 

Mucus depoBits have a more or less marked alkaline reaction, 
even when the superantaut urine is acid ; they do not difiiue 
readily by agitation, and are frequently associated with a very 
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considerable sediment of the earthy phosphates. The presence of 
even a large amount of mucus does not of itself render the urine 
albuminous. The microscopical characters of the mucus corpuscle 
are very similar to those of the pus corpuscle, but the granular 
character is perhaps not quite so well marked. 

^. Blood. Urine containing blood is necessarily albuminous. 
On allowing the urine to stand, and examining the sediment 
microscopically, blood globules may be recognised by their 
uniform size, non-granular surface, and yellow colour. The ap- 
pearance of urine containing blood is very variable : its colour 
may be • light-red, dark-red, reddish-brown, smoke-brown or 
scarcely altered. The sediment also varies much in its appear- 
ance : sometimes its nature is evident to the unassisted eye, at 
other times it occurs but in very minute quantities, and can only 
be identified microscopically. Urine may contain altered colour^- 
ing matter of blood, and yet the blood-corpuscles escape recog- 
nition. 



§ v.— CLINICAL EXAMINATION OF URINE. 

(167.) General Examination. 

a. Appearance, &c. It is advisable to notice the colour, 
whether pale from a dilute urine, or dark from a concentrated 
urine, or reddish yellow from purpurine, or brownish yellow 
from bile, or red or brown from blood — ^the taste, whether sweet 
from sugar, or bitter from bile — the smell, whether fragrant from 
cystine or from sugar, or foetid from alkalinity, with or without 
mucus, or from cystine — any opalescence or milkiness due to fat, 
kiestein, mucus, or a modification of albumen, &c. 

/3. Specific gravity. The specific gravity should be taken 
by means of a gravimeter (fig. 65.) It may be too low, from an 
accidentally diluted urine, or from Diabetes insipidus, or from 
certain forms of Morbus Brightii, &c. ; too high, from a concen- 
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r from the preseDce of sugar, &c. Dr. Grol^i^ 
' e Tray curiouB coincidence, that the last two 



tntted urine oi 

Bird pointed o 

flu- fij- figures, e^tpreenng the specific gravitf, represent TBTj 
nearly the number of gruns of eolid matter con- 
tained in an ounce of the secretion : thus in tirine 
of the Bpecific gravity 1017, every fluid ounce con- 
taine about 1 7 grains of solid matter. This, faowerer, 
must be regarded as but a very rough approxi- 
mation to the truth, trifling variations in the amount 
of the ialine constituents of urine efiecting greater 
alterations of density tban considerable variatioDs in 
its organic constituents. ' 

y. Quantity. In order to determine the quantd^ 
of urine passed in twenty-four hours, the patient 
should be caused to make water at some definite 
hour in the day, — say 10 a.m., the amount then 
voided being neglected. After thie he should save 
all the urine he passes until 10 o'clock on the next 
day, at which time he must again empty his bladder, 
and add the contents to the specimen t« be measured. 
Me should moreover be desired always to mictu- 
rate before going to the closet. By mtiltiplying 
the number of ounces passed, by the last two 6gurea 
of the specific gravity, an approximation will be 
arrived at as to the total amount of eolida excreted 
by the kidneys in twenty-four hours. 



(168.) Chemical Examination. 

a. Reaction to test-paper. Normal urine has a slightly 
aeid reaction. If alkaline, it will restore the blue colour of 
reddened litmus- paper. Should the blue colour remain after the 
paper has became dry, the alkalinity is due to the presence of a 
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fixed alkaline salt ; but should the red colour reappear on drying 
the paper, the alkalinity is due to ammonia. 

/3. Testing the urine. The supernatant urine is to be 
poured away fi-om any deposit which may have formed, and be 
examined for albumen, sugar, purpurine, and if necessary fat and 
bile. Should the urine have a high specific gravity and be free 
from sugar, it may be examined for an excess of urea by pouring 
a little of the secretion into a watch>glass, and adding about two- 
thirds its bulk of colJi concentrated nitric acid. The formation 
of a crystalline deposit of nitrate of urea is, with certain restric- 
tions, indicative of an excess of that base. It is, perhaps, 
generally advisable to concentrate the urine slightly, before 
adding the acid. 

y. Testing the deposit. The appearance of the deposit 
generally indicates the order in which the tests, both micro- 
scopical and chemical, should be applied. The lithates are dis- 
solved by heat, dissolved by potash, undissolved by hydrochloric 
acid; the phosphates are undissolved by heat, imdissolved by 
potash, dissolved by hydrochloric acid ; uric acid is undissolved 
by heat, dissolved by potash, undissolved by hydrochloric acid ; 
cystine is undissolved by heat, dissolved by ammonia or potash, 
and dissolved by hydrochloric acid ; oxalate of calcium is un- 
dissolved by heat, undissolved by potash, dissolved by hydro- 
chloric acid. In mixed deposits the different ingredients are 
readily recognised by their different microscopical appearances, 
and by their different behaviour with the above reagents. 



§ VI.— URINARY CALCULI. 

(169.) General Characters. 

a. Construction, &c. Urinary calculi are for the most 
part built up of concentric layers. This structural arrangement 
is readily seen on making a section of a calculus through its 
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centre. All the layers of a calciilua may have the same compofri- 
tion, or may differ very much from one another in this reepect. 
One angle uniform layer of a calculna may be, and generally is, 
compoited of Beveral ingredients. The internal arrangement of a 
Fig. 66. mixedniiilberryandftudblecalculiia, 

belonging to the museum of St. Bar- 
tholomew's Hoapital, ia shown in 
fig. 66 (No. 79 in catalogue). 

It is probable, that if a very exact 
I analysis were made, each of the 
I layers of nearly every cftlculuswould 
I be found to contain uric acid, alka- 
' line urates, phosphate of calcium, 
aramnnio-phosphate of mag- 
nesium, with or without the other 
conalituenta of calculi. Moreover, 
most calculi contain traces of all 
the salts naturally existing in the urine, as well aa of colouring 
matter, mucut>, &c. 

From these considcTations it ia obvious that tile chemical 
examination of a calculus need have reference only to its general 
compoHition, and not to its exact analyeis. It is important, bon- 
ever, to bear in mind, that even a honiageneous layer of a calculus 
rarely ever consists of one coustiiuent only. 

0. Appearance, &c. The general appearances, &c., of the 
different varieties of calculi are as follows: — a. Uric calculi 
conwst of uric acid, with or without variable proportiona of the 
alkaline urates. They have usually an unilbrm outline, a comtact 
laminated ntrucHire, and an otanpe or yellow colour : Bometimes 
the laminated appearance is wanting, and sometimes they have a 
light fawn ciilour, resembling the paler varieties of oxalate of 
lime concretions. A greater or less amount of uric acid is found 
in the centres of most calculi. 

b. Earthy phosphates consist of phosphates of calcium and 
ammonio-phosphate of magnesium. It rarely if ever happens that 
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where one of these constituents is present the other is wholly 
absent When the two exist in about equal quantities, the con- 
cretion is known by the name of the fusible calculus, in consequence 
of the readiness with which it fuses in the blowpipe flame. But 
when either constituent is present in great excess, this fusion 
cannot be effected. The distinctly laminated character appears 
to be more frequently wanting in the fusible than in most other 
varieties of calculi. Phosphatic calculi differ much in their 
appearance ; they have usually a smooth uniform sur^e, and a 
pale, white, or even chalk-like aspect. Sometimes they are 
compact and hard, at other times light and friable; sometimes 
the layers adhere very closely to one another, and at other tim^ 
are just as easily separable. The earthy phosphates may con- 
stitute the greater part of a calculus, or may be disseminated 
through the other constituents, or may form distinct layers : they 
give a more or less thick external coating to most calculi. 

c. Oxalate of calcium calculi are generally recognised by 
their dark colour, hard compact laminated structure, and irregular 
surface. The term mulberry calculus does not give any idea of 
the degree of this irregularity. But some small oxalate of. cal- 
cium calculi, known as hemp-seed concretions, have a smooth 
contour. Occasionally, oxalate of calcium concretions, especially 
when forming layers in other calculi, or when mixed with uric 
or phosphatic deposits, have a pale colour, and very finely lami- 
nated structure. The central portions of oxalate of calcium calculi 
generally contain more or less uric acid. , 

' d. Cystine calculi are of comparatively rare occurrence. 
They have an irregular or oval shape, a rough and crystalline- 
looking surface, a fiiwn-brown colour when recent, and a sea- 
green colour when long kept. Cystine rarely ever enters into the 
constitution of composite calculi. 

y. Action of heat. Some of the ingredients of calculi are 
destructible by heat, some indestructible, as seen in the following 
table:— 
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r Uric Acid. 
Urate of AiofONiuic. 
Cystine. 

Oxalic Acid, from oxalate of calcimn. 

Ammonia, from triple phosphate. 

Uric Acid, from urates of calcium and sodium. 

Phosphate of Caixium. 
Carbonate of Calcium. 

Phosphate of Magnesium, from triple phospliate. 

Carbonate of Sodium, from urate of sodium. 

Carbonate of Calcium, from oxalate and urate of calciuin 



If the heat be sufficiently prolonged and intense, the carbonate 
of calcium will become converted into caustic lime. Carbonate of 
calcium is not an imfrequent constituent of calculi which have 
undeigone partial decomposition in the bladder. 

(170.) Preliminary Examination. 

a. Pulverisation, &c. The calculus to be examined 
should be sawn through its centre, so as to expose its internal 
arrangement. Should it consist of layers obviousl j differing from 
one another each of them must be separately examined. For 
this purpose, a sufficient quantity of each layer may be consecU" 
tively removed by means of a pocket-knife. The determination 
of the nature of any one layer should be ascertained be^re re- 
moving a specimen of the next one. In friable calciili, great care 
"■•Ht be exercised in obtaining specimens of the different layers, 
ipearance of the flat surface can be readily restored 
J that a calculus may be analysed without any 
_rurement. The specimen removed from each layer 
istobeiww. ;edtoa fine powder. 

/J. Ignition. A little of the powder is to be beated upon 
platinum foil, and careful attention paid to any of the following 
results, &C. 
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, Charring, All urinary calculi undergo a Blight amount of 
charring. In oxalate of calcium calculi this is very slight, and 
speedily disappears, leaving a bulky white pulverulent residue. 
In phosphatic calculi the charring is more complete, and the 
carbon not so easily burnt off*. 

Decrepitation, This is always very slight: when occurring 
simultaneously with the formation of a white smoke and a great 
degree of mobility in the heated powder, it is indicative of urate, 
of ammoniimi. 

Odour. Oxalate of calciimi calculi do not evolve much odour 
when heated : most others do. The odour produced by the igni- 
tion of cystine is well marked and characteristic. 

Volatilisation, Should the calculus powder bum away almost 
entirely, it will suffice to test for uric acid, urate of ammonium^ 
and cystine. 

Fusion. The heat of a spirit-lamp is sometimes sufficient to 
fuse the mixed earthy phosphates. 

Alkalinity. When only the heat of a lamp has been employed^ 
any alkalinity to test paper, shown by the moistened residue, is 
probably due to carbonate of sodium, derived firom the ignition of 
urate of sodium. 

Effervescence, The moistened residue is treated with a drop or 
two of nitric acid. Effervescence denotes the presence of a car- 
bonate, whether orginally existing as such, or derived from the 
ignition of oxalate of calcium or of the fixed alkaline urates ; 
in which latter case the amoimt of effervescence is usually very 
small. 

Blowpipe, Should the ordinary flame have proved incapable 
of fusing the ash, the acidified residue may now be dried, and 
strongly heated before the blowpipe ; when, if the mixed earthy 
phosphates are present, a more or less complete fusioUi or at any 
rate cohesion of the particles, will take place. 



(171.) Special Tests. 
In addition to noticing the above de9cribed effects of heat, it 

72 
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'will often suffice to make special tests for the phosphoric, oxalic, 
and uric acids, without subjecting the calculus to a more complete 
analysis. 

' a. Phosphoric acid. The residue upon the foil after its 
ignition before the blowpipe is treated with a drop or two of 
nitric acid and a little water, whereby its solution is usually 
effected without appreciable effervescence, any carbonate of 
calcium having been converted into caustic lime. A drop or 
two of nitrate of silver solution is then added, and the mixed 
liqidd carefully neutralised with dilute ammonia, when the pro- 
duction of a yellow precipitate will indicate the presence of phos- 
phoric acid. Under certain circumstances, especially when triple 
phosphate constitutes the great mass of the calculus, or when the 
silver salt has been added in very small quantity, the precipitate 
is white. Or the nitric acid solution of the ignited calculus may 
be tested with molybdate of ammonium (vide par. 92 ^). Triple 

phosphate are distinguished from bone 
earth calculi by their solubility in acetic 
acid. 

/3. Oxalic acid. Some of the ori- 
ginal calculus powder is mixed with a 
drop or so of dilute sulphuric acid, and 
a little finely divided peroxide of man- 
ganese added, whereby any oxalic acid 
is at once oxidised into carbonic acid, 
which is liberated with effervescence. 

y. Uric acid. A little of the 
original calculus powder, placed in a 
watch-glass, is treated with a drop or two of strong nitric acid 
i^ which, if uric acid or a urate be present, it will dissolve 
with effervescence. .On carefully evaporating to complete dry- 
ness over a small fiame, as shown in fig. Sj, a pinkish residue 
is left, which, when cold, is to be moistened with a drop of 
ammonia, whereby murexide will be produced with its cha- 
liqteristicL crimson colour, convertible into violet on the addition 



Fig. 67, 




ststemahc analysis. 2iy 

of a little caustic potash* Or the watch-glass may he held ixt 
the fingers as a precaution against using too strong a heat* 



(172.) Systematic Analysis. 

a. Solution. Some of the powdered calculus is boiled for a 
few minutes with a little distilled water in a test tube, the mix- 
ture thrown upon a filter, the filtrate collected apart, and the 
residue thoroughly washed with boiling water. The first portion 
of the washings may be reserved for use on an emergency. Thd 
filtrate A may contain urate of ammonium, urate of sodium, and 
lirate of calcium. 

The washed residue is next boiled in dilute hydrochloric acid^ 
observation being made as to whether or not any efiTervescence 
indicative of the presence of carbonate of calcium takes place. 
The acid liquid is thrown on a filter, the resulting filtrate B, col* 
lected apart, and the residue therefirom, if any, washed with 
water. The acid solution B may contain chloride of calciimi 
iroTn the decomposition of the carbonate, oxalate of calcium, 
cystine, phosphate of calcium, and ammonio-phosphate of mag- 
nesium. The residue C lefb upon the filter will consist of uric 
acid. 

/3. Aqueous solution. A few drops of the solution A 
are evaporated upon a glass plate, when, should a mere trace only 
of residue be left, the remainder of this solution may be disre- 
garded, and the calculus considered as fi-ee firom any appreciable 
amount of alkaline urates. But should an obvious residue be 
left, about one-fourth part of the solution may be boiled in a test 
tube with a little caustic potash, when ammonia, if present, 
.will be given off so as to be recc^isable by its odour and by its 
reactions with test-paper and hydrochloric acid vapour, &c. The 
remainder of the solution is reduced to a very small bulk by 
evaporation, treated with strong nitric acid, and evaporated 
cautiously to drjmess, when the production of a pinkish residue, 
rendered crimson when moistened with ammonia, will be indica- 
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tive of uric acicL The contents of the capsule are next in-» 
cineratedy the residue treated with a few drops of water, and the 
liquid divided into two portions. One is slightly acidified with 
acetic acid and tested with a drop of oxalate of ammonium, when 
the production of a white turbidity will indicate the presence of 
calcium. The other is acidified with hydrochloric acid and 
evaporated cautiously to dryness, when the production of micro- 
Bcopic cubical crystals will show the presence of sodium. 

y. Acid solution. By means of dilute ammonia, the solu- 
tion B is made as nearly neutral as it can be, without having its 
transparency afiected. Acetate of ammonia is then added, the 
production by which of a white precipitate will indicate the 
presence of oxalate of calcium, or cystine. The latter body 
rarely occmrs in mixed calculi, and could be readily separated 
firom the oxalate by treatment with ammonia : on evaporating 
the ammoniacal solution, it would be deposited in the form of 
hexagonal tablets. To the clear liquid, if no precipitate has 
formed, or otherwise to the filtrate therefi^m, oxalate of am- 
monium is added in excess, when the deposition of a white 
precipitate will indicate the presence of calcium, which did not 
previously exist in the state of an oxalate. Filtration is next 
performed, if necessary, and an excess of ammonia added to the 
clear liquid, when the production of a white crystalline precipitate, 
after stirring for a little whUe, will prove the presence of 
phosphoric acid and of magnesium. Should there be no 
obvious precipitate, sulphate of magnesium is to be added, when 
the presence of phosphoric acid will be indicated by the 
formation, after brisk stirring, of a white crystalline precipitate. 

I. Insoluble residue. The residue C is to be treated with 
concentrated nitric acid, and the whole evaporated to dryness, 
whereby a pink mass will be left, which held over the vapour ot 
ammonia will become crimson, and if subsequently moistened with 
potash will become purple, reactions characterising uric acid. 
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! Vn.— BLOOD. 

(173.) Coagulation. ^ 

a. Blood as existing in the vessels is seen to consist of red 
corpuscles floating in a clear liquid, termed the liquor 
sanguinis. When removed from the living vessels it speedily 
separates into two portions, a clear yellow liquid, the serum, 
and a solid red mass, the clot. The liquor sanguinis consists 
of fibrin and serum ; the clot, of fibrin and corpuscles^ as seen in 
the following diagram : — 

Blood. ( ^'**™'' S^«™"8-{ 1™^. , 

I Corpuscles . . . ) ^^'^^ 

Thus the chemical investigation of the blood naturally divides 
itself into separate examinations of the clot and serum. 

p. The coagulation of blood is due to the solidification of 
fibrin, which entangles in its meshes the corpuscles and a con- 
siderable portion of the serum, so as to form a firm jelly-like 
mass. While the blood is circulating through the vessels of living 
animals, the fibrin exists in a state of perfect solution. The 
circumstances which determine this state of solution are not well 
understood ; but intimate contact with the living tissues appears 
to be one very important condition. Out of the body the fibrin 
speedily solidifies, the coagulation, which is accompanied by a 
slight evolution of ammonia, being generally complete in about 
ten minutes' time. Variations of temperature, movement, and 
exposure to air, modify but never prevent the coagulation. 
Where the fibrin exists in large quantity, the coagulation takes 
place more slowly, but the coagulum is firmer and more compact. 
When blood is removed from persons suffering from an in- 
fiammatory condition of system, or when it contains an excess of 
fibrin, or a deficiency of corpuscles, or when it is collected in a 
deep narrow vessel, or when its coagulation is retarded by any 
meansy the corpuscles sinking before the coagulation is oompletei 
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exist principallj in the lower portion of the dot^ while the npper 
layer consists of nearly colourless fibrin. . This colourless layer is 
termed the huffy coat ; it is extremely tenacious, and frequently 
by its slow contractioil draws up the edges of the clot| so as to 
fbrm a cup-like depression. 



(174.) Fibrin* 

a. From liquid blood. Fibrin is most easily procured 
from this source. The blood, before it has had time to coagulate, 
is rapidly whipped with a few twigs of wood, or well shaken in a 
bottle with two or three irregular pieces of lead. In this way the 
fibrin separates more or less completely firom the corpuscles, and 
adheres to the twigs- or pieces of lead in the form of loose fibrous 
masses. These are to be well washed with water, and also with 
ether, when it is desired to remove the adherent fat. 

^. From the clot. TJie preparation of fibrin from 
coagulated blood is rather more tedious. The clot should be 
placed upon a cloth, thoroughly broken up by the hand, and 
washed imder a stream of water ; when, by alternate washing 
and kneading, the serum and colouring matter of the clot will 
pass through the cloth, and a residue of tolerably white fibrin be 
left thereon. 

y. Properties of fibrin. Fibrin possesses all the 
chemical properties of coagulated albumen (vide par. 176 y). 
When examined microscopically it is seen to differ firom coagu- 
lated albumen in manifesting an organised structure, though of 
the lowest type, viz., the simply fibrous. This fibrillated arrange- 
ment is best seen in the buffy layer of inflammatory blood. 
l/Then moist fibrin, especially that obtained from the clot is 
covered with water rendered /aewfZy alkaline by soda, and left at 
rest for some days in a tolerably warm situation, the greater part 
of it dissolves, and albumen may be detected in the filtered liquid 
by the action of heat and nitric acid. Fibrin constitutes about 
9*25 j)er. cent, of normal blood. 
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(i7S-) Corpuscles. 

a. Their appearance. When a drop of imcoa^ilated 
blood, or a drop of the deep red-coloured sermn squeezed out of 
the clot, IB examined under a good qnarter-iach object glass 
with a high eye-piece, the field of the microscope is seen covered 
with minute coloured cells, of uni- 
form size, circular outline, and non- *' 
granular structure, as shown in 
fig. 68. According to the focussing 
the edges will appear dark and the 
centre transparent, or vice versd. 
Some of the globules may be m 
lying upon their edges, some of them 
adhering to one another by their 
flat Borlaces, forming rouleaus. In 
the case of the preriously uncoagu- 
lated blood, a delicate net-work of 
fibrin will speedily appear. Blood corpuscles appear to consist 
of a transparent membrane containing a red-coloured fluid. The 
phenomena of osmose may be readily seen under the microscope : 
thus if a concentrated solution of sulphate of sodium be added, 
the corpuscles become distorted, their edges uneTen, and their 
dark centres more prominent ; if, however, water be added, the 
corpuscles swell up, their dark centres and defined mat^ins 
gradually disappear, and finally the cells burst with discharge of 
their contents. 

In addition to the above- described red corptiscles, there may 
generally be seen a few of the colourlesa or lymph corpuscles. 
In healthy blood, these exist in a variable but very small propor- 
tion compared with the red, than which they are rather lai^r 
in size, and less uniform in outline. Moreover, they manifest 
a fiiintly granular structure. , 

/3. Their separation. If blood as it ia fiowing be 
received into a saturated solu^on qf sulphate of eodiumr all 
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ooaguktion will be prevented, and by repose the coipuaclea will 
form a bright scarlet layer at the bottom of the vessel. The 
supematant fluid may be poured off, and the sediment collected 
in a filter, and washed with a solution of sulphate of sodium. Or 
the red liquor, from which the fibrin has been removed by agita- 
tion, may be allowed to subside ; or the clot may be broken up, 
well shaken with the serum, and the red fluid so formed be 
allowed to subside. From either of these fluids a gradual but 
incomplete deposition of the corpuscles will take place. The 
supernatant serum may then be poured away, and replaced by a 
solution of sulphate of sodium, when the corpuscles will behave 
as in the first instance, and may be coUected upon a filter and 
washed with sulphate of sodium as before. 

y. Red colouring matter. Hsmatosine^ or the red 
colouring matter of blood, is remarkable for the amount of iron 
which it contains. The ash of blood corpuscles yields fully 30 
per cent, of peroxide of iron. The presence of iron in any of the 
other tissues or fluids, with the exception of the chyle, appears to 
be due to an admixture of blood. It is possible indeed to obtain 
a modified hsematosine free firom iron ; but no inference can 
be drawn from the experiment. The chemical reactions of the 
colouring matter may be recognised by throwing the corpuscles, 
well washed with sulphate of sodium and drained, into a consider- 
able excess of cold water, when the cell walls burst by endosmosis, 
and the coloured contents of the cells dissolve in the water, form- 
ing a deep-red solution, which by filtration may be made per- 
fectly bright. This red colouring matter is unafiTected by 
ammonia, and is entirely destroyed by ebullition, with the for- 
mation of a dirty-coloured coagulum, which dissolves in caustic 
potash with an indistinct greenish colour. 

^. Hsematocrystallin, or blood crystals. The forma- 
tion of these crystals was first discovered by Dr. Otto Funke, 
of Leipsic. It appears that by the bursting of the red cor- 
puscles as above described an aqueous solution of their con* 
tents is obtained, which by very slow evaporation yields crystals 
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having very definite forms. The blood of some of the lower 
animals, particularly of the rodents, yields these crystals with 
great facility, but their production from human blood is always 
an uncertain operation. A drop or so of the deeply coloured 
liqidd from a portion of clot a day or two old, may be squeezed 
on to a glass slide and diluted with less than its own bulk of 
proof spirit. Upon covering the whole loosely with a piece of 
microscopic glass and setting it aside in a light but not too warm 
situation, flattened, prismatic red-coloured crystals will some* 
times make their appearance in the course of a few hours. 

(176.) Blood Stains. 

These occasionally form important objects of medico-legal 
enquiry. The chemical evidence has reference to the colouring 
matter of the blood ; the microscopical to the form of the globules, 
and the production of hsemine crystals. Hecent blood stains 
are of a bright red colour ; older stains of a reddish brown : 
when on linen or other stufis, the fibre becomes more or less 
stiffened. 

a. Reactions of colour. Supposing the stain to be on 
some stuff, a strip of the stained portion is cut off, and suspended 
by means of a thread in a test tube containing a little distilled 
water. Gradually, streaks of colouring matter will be seen 
descending from the stuff to the bottom of the tube, and there 
forming a layer, of a deep-red if the stain be recent, or a reddish- 
brown colour if the stain be of an older date. Jf necessary, 
several of the stained strips may be thus successively treated in 
the same portion of water, imtil a suflSciently dark solution is 
obtained. Stains on knives and other articles are likewise to be 
treated with cold water, so as to obtain a solution of the colouring 
matter. To this red or reddish-brown solution a little dilute 
ammonia is added, whereby the colour will be imaltered or simply 
brightened, but not changed to a green or crimson. When the 
solution of the colouring matter is boiled, its colour is entirely 
destroyed, and a dirty brown precipitate produced. Every stain 
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ibrming a reddish eolution with cold water, which is ttnafiected 
by dilute atmnouia, but baa its coloiir destroyed by ebullition, 
with iJie formation of a precipitate, is dae to blood. 

^. Form of the corpuaclea. A little of the etained 
fibre, or, if possible, a liltle of the dried stain scmped away from 
the article under examination, ia placed upon a glass slide and 
moistened with a solnlion of sugar (syrup diluted with about 
twice its bulk of water) or of pure glycerine reduced to the 
bp. gr. of lozS. After some time a red coloured liquid will be 
obtained, which may be covered with a piece of microscopic glaa^ 
and examined by a good quarter-inch object-glass. Should the 
stain be due to blood, the corpuscles, wilh their characteristic 
appearances, may in this way be readily detected. In the event 
of their appearing shrivelled, the addition of a drop or two of 
water will cause them to expand. 

y, Htemine crystals. The dry blood stain is extracted wil^ a 
litde glacial acedc acid, and the resulting liquid evaporated at a 
very gentle heat Intheeventofno 
crystals being thus obtained, a mi- 
nutequantityofcommonsalt maybe 
added to the dry residue, and the 
oiatening with glacial acetic acid 
and gentle evaporation repeated. In 
some cases the moistening with acid 
has to be performed a third time, 
before iJie characteristic dark- 
coloured rhombic crystals, often ar- 
ranged in stellate groups, as shown 
in fig. 69, make their appearance. 
The formation of the crystals seems to be facilitated by moistening 
the residue with water and evaporating therewith, after each 
evaporation with acetic acid. 
, ('77-) Sebum. 

• a. General characters. The serum is a pale yellow, 
transfttirent, somewhat viscid fluid, having a specific grayi^ of 
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about 1030, while that of blood averages about 1055. It has a 
&intly alkaline reaction, and consists of water holding in solution 
albumen, £it, certain ill-defined extractive matters, and the inor-> 
ganic salts. When serum is evaporated to dryness in a water-* 
bath, its aqueous portion is driven off, and a hard, nearly 
transparent, horny residue left behind. Water constitutes about 
80 per cent, of normal blood. 

' /J. Separation of albumen. For this purpose, eithei^ 
of the following methods may be adopted : — a. The serum is put 
into a small capsule, an equal bulk of coarsely powdered crystals 
of sulphate of sodium added to it, and the whole boiled until 
complete coagulation takes place, when, on filtering the boiling 
liquid, a perfectly clear and nearly colourless solution, quite free 
from albumen, will rapidly pass through. This method is equally 
applicable to serum containing any amount of colouring matter, 
and even to the broken-up clot itself, h. The serum is made 
neutral or very faintly acid with acetic acid, boiled and filter ed« 
By this means the whole of the albumen will coagulate in fiakes 
and remain on the filtering paper, while a clear liquid, termed the 
serosity, will pass through. The precipitate of albumen is to 
be washed with hot water, and dried in a water-bath ; moreover^ 
a minute amount of earthy salts may be removed from it by boil-v 
lAg dilute hydrochloric acid, as also a small proportion of fat by 
boiling alcohol. 

« 

7. Properties of albumen. Albumen, as it exists in 
the blood and other animal fluids, is in a state of solution, but is 
capable of being coagulated by heat. The temperature at which 
coagulation takes place varies with the alkalinity of the fiuid, and 
with the amoimt of albumen present. S^rum of blood coagulates 
at the temperature of about 160^ Fahr. Albumen once coagulated 
cannot again be obtained in the iorm. of a solution coagulable by- 
heat. Normal blood contains on the average about 7 per cent, of 
dissolved albumen. Fibrin and coagulated albumen agree in the 
following characters : they are insoluble in water, alcohol, and 
ether I but ar^ soluble ia potash,. from whicl) solution thejar^ 
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leprecipitated by neutralisation with an acid. If to the potash 
solution acetic acid be freely added, the albumen will be at first 
precipitated, but subsequently redissolved in the excess of add. 
Moreover, coagulated albumen and fibrin are soluble, though 
ivith difficulty, in acetic acid. Albumen and fibrin dissolre in 
boiling hydrochloric acid, forming deep purple solutions. 

When albumen or fibrin is heated upon platinum foil, a minute 
white ash, consisting principally of phosphate of calcium, remains. 
This proportion of earthy phosphate appears to be an integral 
constituent of the albuminous principles. If dried albumen or 
fibrin be heated in a reduction tube, into the mouth of which there 
have been inserted a piece of red litmus and a piece of lead 
paper, the red litmus will become blue and the lead paper black, 
reactions indicating respectively the presence of nitrogen and 
sulphur. 

2. Fat ofblood. The condition in which fiit exists in the 
serum is not well understood. Some portion of it is precipitated 
with the albumen, the remainder being dissolved in the serosity. 
As a rule, serum is perfectly bright, and fat globules cannot be 
detected in it by microscopical examination ; yet the fat being 
soluble in ether, does not appear to be saponified. In order to 
extract the fat, the dried residue left by the evaporation of serum 
upon a water-bath is pulverised, and the powder agitated for 
some time, with three or four times its bulk of ether ; the whole 
is allowed to subside, and after some hours the ether poured off 
and evaporated to dryness on a water-bath, when a small quantity 
of a yellow semi-solid fat will be left. This may be treated with 
cold alcohol, when a crystalline fkt will be dissolved and an oily 
fiit be left unacted upon. 

€. Extractives and salts. The serosity consists of an 
aqueous solution of certain ill- defined organic compounds, known 
as extractives, and of the usual alkaline salts. All the organic 
constituents of the serum, with the exception of the albumen and 
fat, receive the name of extractives. If the serosity be carefully 
(evaporated almost to dryness, very beautiful cubes of common salt 
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trystallise out. Moreoyer, sulphuric and phosphoric acids can 
readily be detected ; the former by the production of a white 
precipitate with nitrate of barium and nitric acid ; the latter by 
the addition of sulphate of magnesium, ammonia, and chloride ot 
ammonium, when on stirring a white crystalline precipitate is 
thrown down. If the serosity be evaporated to dryness, and 
ignited, a white fusible ash wiU remain, which may be examined 
according to the directions for the analysis of animal ashes, and 
will be found to contain chlorine, carbonic, phosphoric, and sul- 
phuric acids, with sodium, potassium, and traces of calciimi. 

C. Serum containing urea. It is probable that the 
blood always contains minute traces of urea ; while in certain 
forms of disease, particularly in Bright's disease, its amoimt 
becomes very sensible. In order to detect it, the albumen is 
removed from the serum by either of the methods described in 
par. fij and the serosity evaporated carefully to dryness. If the pro- 
cess b be adopted, and the chloride of sodium in the dried residue 
be seen to crystallise in well-marked octahedrons instead of cubes, 
the presence of urea is tolerably certain. In any case the dry 
residue is warmed with a little strong alcohol and filtered, the alco- 
holic filtrate evaporated to dryness, the residue dissolved in a very 
small quantity of distilled water, and the aqueous solution filtered 
and concentrated in a watch-glass. To the cold concentrated 
liquid, an equal bulk of cold colourless nitric acid is next added, 
when, if urea be present, a crystalline deposit of nitrate of urea 
will be produced, which can be examined microscopically. The 
production of a crystalline deposit on the addition of nitric acid is 
in itself almost conclusive as to the presence of urea. 

?;. Serum containing bile. In jaundice, the serum 
of the blood is of a much darker yellow colour than usual, owing 
to the presence of biliary colouring matter, which may be identi- 
fied by adding to the serum a little nitric acid, when the albumen 
will be precipitated of a bluish or greenish colour : or some of the 
serum, just neutralised with acetic acid, may be precipitated with 
excess of alcohol, the alcoholic solution evaporated to a small bulk 
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in a water-bath, and residue examined by Pettenkofer*s tiest, and 
by the nitric acid test (par. 153 /3). 

0. Serum containing sugar. Sugar exists abundantly 
in the blood, in cases of diabetes. Hecent researches have more- 
over shown that the post-mortem blood of the inferior cava, and of 
the right side of the heart, habitually contains sugar in very defi- 
nite amount. In order to detect it, the albumen of the blood 
must be removed by means of sulphate of sodium, as in par. 
I yy /J, and to the clear filtrate a drop or two of a solution of 
sulphate of copper, and then an excess of caustic potash be added, 
whereby a deep blue-coloured liquid will be produced, which, on 
the application of heat, will deposit a red or orange-yellow coloured 
precipitate of suboxide of copper. The alkaline solution of tar- 
trate of copper described in par. 162 ^. may be conveniently 
substituted for the mixture of sulphate of copper and caustic 
potash, 

! VIIL— MISCELLANEOUS ANIMAL PRODUCTS. 

(178.) Bile. 

• a. Composition. Human bile contains the sodium salt of 
a peculiar acid known as glycocholic acid, having a amiilar con- 
stitution to the glycobenzoic or hippuric acid found in urine. It 
also contains in small quantity the sodium salt of taurocholic 
acid. These glycocholates and taurocholates, when boiled with 
dilute hydrochloric acid, absorb water, and break up into cholic 
acid and glycocine and taurine respectively, thus : — 

GlycochoHc, C,6H43N06 + H,0 = Ca4H4o05 + C^HjNO, 
TaurochoUc, C^H^jNOaS +H,0 « Ca^H^Oj + CaHyNOaS 

The bile also contains water, mucus, cholesterine, fat and 
<K)louring matter, the reactions of which last have been described 
under the head of biliary urine (par. 153). 

! fi. Detection of cholic acid. This is efiected by 
Pettenkofer's test, which is performed in the following manner : 
7o a little diluted bile^ or any liquid containing bile, rather more 
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than half ita bulk of strong aulpliuric acid ia added very gradu- 
ally, tLe tube in which the mixture is made b^g kept cool by 
immersion in water. A minute quantity of powdered white 
sugar, or its equivalent of syrup, is then introduced, the Uquid 
well agitated and mixed with more sulphuric acid. By this 
means the temperature is gradually raised to the requisite point, 
when a deep purplish-crimson colour makes its appearance. Very 
minute quantities of bUe may be detected by eraporating any 
suspected liquid with a drop of sulphuric acid and a decignun of 
sugar in a water-bath. 

y. Biliary calculi. Concretdons of variable appearance 
are occasionally formed in the gall-bladder, sometimes in very 
considerable numbers. When numerous, they are of about the 
size of peas, and have an irregular angular shape, with flattened 
sides. When Bolitary, they are usually of larger bulk and of an 
oval form. They hare a soapy feel, a &wn-yellow colour, and 
are easily crushed by pressure. They consist principally of ekoleS' 
terine and an insoluble combinatioa of bUe pigment with lime. 
When rich in oholesterine, they rig. 70. 

float upon water. To detect cbo- 
lesterine, the powdered calculus is 
boiled in alcohol, and the solution 
filtered, when, on cooling, colour- 
less transparent plates crystallise 
out of the yellow liquid. These | 
crystals, when examined microsco- 
pically, are seeu to consist of deU- 
cate, nearly square, rhombic plates, 
Buperimposed one upon the other 
as shown in fig. 70. Cholesterine 
CicHjjO, is soluble iu ether and hot alcohol, veiy slightly soluble 
in cold alcohol, not at all soluble in water. It seems to be a 
species of solid alcohoL 
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(179.) Milk. 
This secretjon coDsists of water holding in solution casein, 
lactine, and salts, and liolding in suspension an abundance of 
fat globules, to the presence of 
which the opaque white appearance 
of milk is due. Normal milk haa 
an alkalini 




Fig. 71- 



test paper. 
The specific gravity of human milk 
averages about 1030. 

a. Fat globules. These may 
be easily recognised under the mi- 
crosoope : ihey are of various rizes, 
end have well-defined dark margins, 
as shown in fig. 71. They appear 
to be surronnded by delicate cell- 
membranes, as they cannot be made to unite by pressure until 
after the addition of a little acetic acid. The milk secreted soon 
after delivery contains large, granular, fatty corpuscles, known ss 
colostrum corpuscles. In milk abscess &c., pus and blood globules 
may be occasionally detected. 

(i. Casein, When ordinary or skimmed milk is evaporated, 
a scum forms on its anrface, which, if removed, ia soon replaced 
by a fresh one, and so on repeatedly. This property of forming 
a scum on evaporation was formerly considered peculiar to fluidi 
containing casein. Casein differs from the other albuminom 
bodies in being coagulable not by heat, but by the addition of 1 
little very dilute acid, or by contact with decomposing animal 
membrane. Cheese is casein which has been precipitated by 
rennet, the dried decomposing lining membrane of the stomach 
of the calf. When skimmed milk ia rendered slightly acid will 
acetic acid, and gently warmed, the caSoin coagulates, and maybe 
collected on a filter, washed with hot water, and subsequently 
with hot alcohol : it manifests all the usual properties of the 
albuminous bodies. 
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y. L a c t i n e. Sugar of milk, or lactine, may be readily 
detected in whey which has been separated by filtration from the 
coagulated caaein. On adding a drop or two of sulphate of 
copper, and then an excess of potash, a red precipitate of sub- 
oxide of copper will be produced on boiling the mixture. Sugar 
of milk may be obtained crystaDine by careful evaporation of 
the whey. It does not readily undergo the alcoholic fermenta- 
tion ; but by the action of putrefying curd becomes rapidly con- 
verted into lactic acid. 

^. Mineral salts. The ash of milk contains the same 
constituents as most animal ashes ; the relative proportion of 
earthy phosphates is very large, and potassium exists in it to a 
greater extent than sodium. 

(180.) Bone. 

Bone consists principally of phosphate of calcium, deposited 
in an animal basis. When bone is soaked for some time in 
dilute hydrochloric acid, its earthy matter is dissolved out, and a 
flexible elastic mass, having the exact form of the original bone, 
is lefl unacted upon. This residue consists of gelatine, which by 
long boiling dissolves in water, forming a solution that gelatinises 
on cooling. The solution is precipitated by tannic acid, but not 
by acetic acid or by ferrocyanide of potassium. Pure gelatine does 
not contain sulphur. By the incineration of bone, its animal 
matter is burnt off, and a brittle, white, earthy residue, having 
the exact form of the original bone, remains. This earthy resi- 
due consists principally of phosphate of calcium, with a little 
carbonate of calcium and phosphate of magnesium, also minute 
quantities of fluoride of calcium ; which latter substance may be 
detected more readily, however, in fossil bones. 
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ACETATES, reactions of, 135 
Acid, arsenious, 157 

— cholic, 224 

— hippuric, 192 

— hy^ochloric, toxicology of, 144 

— hydrofluosilicic, as a reagent, 85 

— nitric, toxicology of, 142 

— oxalic, „ „ 147 

— prussic, „ „ 173 

C 88 

■— sulphuric, as a reagent, J 

toxicology of, 1 39 

— tartaric, as a reagent, 68 

— uric, 190 
Acidity, criterion of, 6 
Acids and bases, 52 

— anhydrous, 1 1 

— binary, 6 

— dibasic, 7, 8 

— monobasic, 7 

— reactions of, 107 

— solutions to be tested for, 95 

— table for detection of, 96 
preliminary testing, 90 

— ternary, 6 

— tribasic, 8 
Adapters, 37 

Albumen from blood, 220 
Albuminous urine, 195 
Alkaline solutions, reactions of, no 
Alkaloidal salts, 9 

Aluminum, reactions of, 122 
Ammonia, as a precipitant, 74 

— reagent, 79 

solvent, 80 

Ammonium, carbonate of, as a pre- 
cipitant, 83 

— oxalate of, as a reagent, 85 
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Ammonium, phosphate of, as a re- 
agent, 68 

— salts of, 9 

— sulphide of, as a precipitant, 73 
as a solvent, 70 

Analysis, course of operations in, 

Anhydrides, 11 

Anhydrous acids, 1 1 

Animal matter, ashes of, 184-186 

components of, 183 

— products, various, 224 
Antimonial salts, reactions of^ 169 
Antimony in organic mixtures, 173 

— Marsh's test for, 171 

— reactions of, 113, 169 

— Keinsch's test for, 172 

— toxicology of, 169 

in solution, 170 

Apparatus, cleaning glass, 39 

— connections of, 22 

— supports for, 32 
Arsenic, Marsh's test for, 161 

original process, 162 

modified process, 164 

— metallic ring, 158 

— reactions of; 112 

— Keinsch's test for, 165 
impedimenta to, 167 

— various forms of, 168 
Arsenious acid, reactions of, 157 
— • — toxicology of, 157 

crystals of, 157 

dissolved, 159 

— — — reduction of, 159 

in organic mixtures, 169 

Ashes of anim^ matter, 184, 186 
Atomic weights, 2 
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CON 



BARIUM, chloride of, as a re- 
agent, 98 

— reactions of,i23 
Basos and acids, 52 

— classification of, 64. 

— first group of, recognised, 65 
table of, 68 

— sei'ond group of, recognised, 73 
table of, 76 

— third group of, recognised, 82 
table of, 83 

Baths, sand, 33 

— water, 34 
Beads, borax, 60 
Benzoatfs, reactions of, 135 
Biliary calculi, 224 

— urine, 199 
Bile, 224 

— from blood, 223 
Binary acids, 6 
Bink's burette, 45 
Bismuth, reactions of, 113 

— solutions, 72 

Blood, albumen from, 220 

— bile in, 223 

— coagulation of, 215 

— colouring matter of, 218 

— composition of, 215 

— corpuscles, 217 

— crystals, 218 

— extractives and salts of, 222 

— fat of, 222 

— fibrin from, 216 

— in urine, 205 

— serum from, 220 

— stains, reactions of, 219 

— sugar in, 224 

— urea in, 222 
Blowing glass bulbs, 21 
Blowpipe, Black's, 16 

— brazier's, 16 

— examination, 53 

— flame, colouration of, 56 

— flames, 17 

— Herapath's gas, 1 5 

— incrustations, 59 

— the use of, 17 
Bone, 226 

Borates, reaction of, 135 
Borax beads, 60 
Boring corks, 23 



Bottle, drop, 24 

— wash, 25 

Bromides, reactions of, 131 
Bulbs, blowing, 21 
Burette, Bink's, 45 
Burners, charcoal, 14 
—gas, 14 

CADMIUM, reactions of, 117 
Calcium, chloride of, as are- 
agent, 198 

— oxalate of, urinary deposit of, 201 
calculus, 209 

— reactions of, 124 

Calculi, action of heat on, 209 

— analysis (systematic) of, 213 

— biliary, 225 

— construction of, 207 

— cystine, 209 

— earthy phosphate, 208 
reactions of, 21a 

— examination of, a 10 

— ignition of, 210 

— mulberry, 208 

— oxalate of calcium, 209 
reactions of, a i a 

— pulverising, 210 

— solution of, 213 

— tests, special for, an 

— uric, acid, 208 

reactions of, 21a 

Carbonates, reactions of, 119 
Casein, 226 

Charcoal burners, 13 
Chemical equations, 6 

— formulae, 5 

— urinary deposits, aoi 
Chlorates, reactions of, ia7 
Chlorides, formulae of, 4 

— reactions of, 130 
Cholic acid, 224 
Chromates, reactions of, ia6 
Chromium, reactions of, laa 
Chylous urine, 200 
Cleaning-glass apparatus, 39 
Cobalt, nitrate of, ignitions with, 57 

— reactions of, 118 
Colouring-matter of blood, ai8 
Combining proportions, i 
Complex salts, 9 
Condenser, Liebig's, 38 
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CON 



HYD 



Connections of apparatus, 22 
Copper, reactions of, 116, 155 

— solutions, 73 

— toxicology of, 155 

dissolved, 155 

in organic mixtures, 156 

Corks, boring, 23 

Corpuscles, blood, 217 
Corrosive sublimate, reactions of, 
149 

toxicology of, 149 

solid, 149 

dissolved, 1 50 

crystals of, 150 

in organic mixtures, 151 

Counterpoises, 46 
Crucibles, heating, 34 
Crystals, blood, 218 

— hsemine, 220 
Cyanides, reactions of, 132 
Cystine, 203 

— calculi, 209 



DASH'D SYMBOLS, 5 
Decantation, 32 
Decimal weights, 46 
Deposits, urinary, 200 

chemical, 201 

organised, 203 

Desiccation, 39, 46 
Dibasic acids, 6 
Distillation, 37 
Drop-bottle, 24 
Drying apparatus, 39 
— precipitates, 40 



EAETHY SALTS, reactions of,io5 
EbuUition, 35 
Elementary bodies, i 
Elements, table of, 3 
Equations, chemical, 6 
Equivalents, i 
Evaporation, 35 



FAT of blood, 222 
Fatty urine, 199 
Ferric salts, reactions of, 120 
Ferrous salts, reactions of, 120 



Fibrin, 216 
Filters, double, 30 
Filters, making, 29 

— plain, 30 

— ribbed, 29 
Filtration, 28 
Flame, blowpipe, 17 

colouration of, 56 

oxidising, 17 

reducing, 17 

Flasks, measure, 43 

— specific gravity, 48 
Fluorides, reactions of, 136 
Formulae, chemical, 5 

— of chlorides, 4 

— of hydrides, 3 

— of salts, rational, 10 
Funnel tubes, 26 
Fusible salts, 56 
Fusions, 41 



GALLON, decimal division of, 43 
Gras blowpipe, Herapath's, 1 5 

— burners, 14 

— evolving tubes, 27 

— washing tubes, 27 
Grlass bending, 19 

— tube and rod, cutting, 18 

— vessels, heating, 35 

— working, 1 8 
Graduated measures, 44 

— pipettes, 44 
Gravity, specific, 47 



H^MATO-CKYSTALLINE, 118 
Hsemine crystals, 220 
Heat, action of, on calculi, 209 
Heating glass vessels, 35 
— crucibles, 34 
Hippuric acid, 192 
Hydracids, 7 
Hydrides, formulae of, 3 
Hydrochloric acid, as a precipitant, 

reactions of, 144 

toxicology of, 144 

concentrated, 144 

diluted, 145 

in organic mixtures, 146 
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HTD 



PLA 



Hydroflaoeilicic acid as a reagent, 
Hydrometer, 49 



IGNITIONS, 41 
— with nitrate of cobalt, 57 
Incrustations, blowpipe, 59 
Infusible salts, 57 
Insoluble compounds, in acids, 102 

— oxalates, 149 
Iodides, reactions of^ 131 

Iron, perchlorideof, as a reagent, 100 

— reactions of, lao 



JACKET STANDS, 33 
TTIESTEIN URINE, aoo 

LACTINE, 226 
Lead solutions, 72 

— reactions of, 115, 133 

— toxicology of, 153 

solid, 153 

dissolved, 154 

in organic mixtures, 1 54 

Liebig's condenser, 38 
Liquids, analysis of, 109 

— specific gravity of, 48 
Litbates, urinary deposits of, 201 
Lutes, 24 



MAGNESIUM, reactions of, 124 
Manganese, reactions of, 119 
Marsh's antimony test, 171 

— arsenic test, 1 6 1 

original process, 162 

modified process, 1 64 

Measure fiasks, 44 
Measures, graduated, 45 
Measuring, 44. 

Mercuric salts, reactions of, 115 
Mercurous salts, reactions of, 115 
Mercury, dichloride of, toxicology 
of, 149 

— reactions of, 1 14 

— solutions, 72 



Milk, 226 

— casein of, 226 

— fat globules of, 226 

— lactine of, 226 

— mineral salts of, 226 
Molecular weights, a 
Monobasic acids, 7 
Morphia in solution, z8o 

— toxicology of, 1 79 
Mucus from urine, 204 
Mulberry calculus, 208 
Multequivalent salts, 8 



NEUTRALISATION, 74 
Nickel, reactions of, 118 
Nitrates, reactions of, 127, 143 
Nitric acid, toxicology of, 142 

concentrated, 14a 

diluted, X43 

in organic mixtures, 144 

Notation, symbolic, 5 



OPIATE LIQUIDS, 180 
Organic constituents, ultimate, 

184 
Oxacids, 6 
Oxalate of calcium, urinary deposit 

of, 202 
Oxalates, reactions of, 133 
— insoluble, 105, 149 
Oxalic acid, reactions of, 147, 212 

toxicology of, 147 

dissolved, 147 

in organic mixtures, 148 

insoluble form, 149 

solid, 147 

Oxides, reactions of, 106 
Oxidising blowpipe flame, 1 6 



PASTILLES, 18 
Phosphates, reactions of, 1 32 

— earthy, urinary deposits of, 201 
Pipettes, delivery, 44 

— graduated, 45 

— making, 22 

Platinum, perchloride of, as a re- 
agent, 86 
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POT 



BEA 



Potash, as a reagent, 71, 78 

— solutions, 81 

Potassium, sulphate of, as a reagent, 

84 
Powders, specific gravity of, 51 
Precipitant, carbonate of ammo- 
nium as a, 83 

— hydrochloric acid as a, 65 

— sulphide of ammonium as a, 73 

— sulphuretted hydrogen as a, 69 
Precipitates, aspects of, 63 

— dicing, 40 

— formation of, 62 

— removal of, 32 

— washing, 31 
Precipitation by ammonia, 74 

— by water, 66 
Proportions, combining, x 
Prussic acid, toxicology of, 173 
Purpurine, 193 

Pus from urine, 204 



REACTIONS of acetates, 135 
acids, 107 

alkaline solutions, no 

— — - aluminum, 122 

ammonium, 126 

antimony, 113, 169 

arsenic, 112, 157 

barium, 123 

benzoates, 135 

bismuth, 113 

blood stains, 219 

borates, 135 

bromides, 131 

cadmium, 1x7 

calcium, 124 

carbonates, 128 

chlorates, X27 

chlorides, X30 

chromates, 126 

chromium, 122 

cobalt, 118 

compounds in solution, 109 

copper, 116, 155 

corrosive sublunate, 149 

cyanides, 1 32 

earthy salts, X05 

ferric salts, 120 

— T— UmoxM aalta, 120 



Reactions of fluorides, xo6 
hippuric acid, 193 

— — hydrochloric acid, X44 
iodides, 131 

iron, 120 

lead, lis, 153 

liquid substances, X09 

magnesium, 124 

manganese, 1x9 

mercuric salts, 115 

mercurous salts, x 1 5 

mercury, 1 14 

— •— miscellaneous salts, xo8 
morphia, 179 

nickel, 118 

nitrates, 127, 143 

— — nitric acid, 143 
oxalates, 133 

— — oxalic acid, 147 

— — calculi, 2x2 

oxides, X06 

phosphates, 132 

phosphatic calculi, 212 

potassium, 125 

prussic acid, 173 

silicates, 137 

— . — silver, 116 

sodium, X26 

stannic salts, x xs 

stannous salts, x x i 

strontium, X24 

— — strychnia, 175 

sulphates, 1 30 

sulphides, 106, 129 

sulphites, 1 30 

sulphuric acid, X39 

sulphydrates, X29 

tartrates, X34 

tin, I X X 

urea, X89 

— — uric acia, X90 

— calculi, 2X2 

zinc, I2X 

Eeagent, ammonia as a, 79 

— chloride of barium as a, 98 
calcium as a, 98 

— hydrofluosilicic acid as a, 85 

— nitrate of silTer as a, 96 

— oxalate of ammonium as 

— pezchloride of iron as a, 100 
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REA 



TOX 



Reagent, peichloride of platinum as 
a, 86 

— phosphate of ammonium as a, 68 

— potash as a, 71, 78 

— sulphate of potassium as a, 84 

— sulphuric acid as a, 88, 93 

— tartaric acid as a, 86 
Reagents, addition ef, 63 
Reducing blowpipe flame, 17 
Reduction tubes, 18 
Reinsch's test for antimony, 1 72 
arsenic, 165 

impediments to, 167 

Retorts, tube, 25 



SACCHARINE URINE, tests for, 
196 
Salts, alkaloidal, 9 

— ammonium, 9 

— complex, 9 

— double decomposition of, 12 

— earthy, nature of, 75 
reactions of, 1 05 

— fusible, 56 

— infusible, 57 

— mineral, of milk, 226 
of urine, 194 

— miscellaneous, 108 

— multequivalent, 8 

— rational formulae of, 1 1 

— reducible, 58 

— simple, 8 

— volatile, 55 
Sand-baths, 34 
Sealed tube making, 21 
Sealing test tubes, 20 
Sediment from normal urine, 203 
Serum of blood, 216 
Silicates, reactions of, 137 
Silver, nitrate of, as a reagent, 96 

— reactions of, 116 

— solutions, 73 
Simple salts, 9 

Solids, specific gravity of, 50 
Solutions made, 61 
Solvent, ammonia as a, 80 

— sulphide of ammonium as a, 70 
Solvents, addition of, 63 
Specific gravity, 47 

flasks, 48 



Specific gravity of liquids, 48 

of powders, 51 

of solids, 50 

Stains, blood, reactions of, 219 
Stands, jacket, 3 3 

— tripod, 33 

Stannic salts, reactions of, 1 12 
Stannous salts, reactions of, 1 1 1 
Stirring rods, 1 8 
Strontium, reactions of, 124 
Strychnia, appearance of, 176 

— colour tests, 177 

— in organic mixtures, 1 78 

— toxicology of, 175 
Subliming tubes, 1 8 
Sugar in blood, 224 
Sulphates, reactions of, 130 
Sulphides, reactions of, 106, 129 
Sulphites, reactions of, 1 30 
Sulphuretted hydrogen as a precipi- 

taiit, 65 

bulb, 27 

Sulphuric acid, as a reagent, 93 

reactions of, 139 

toxicology of, 139 

concentrated, 139 

diluted, 140 

in organic mixtures, 141 

stains on clothing, 141 

Sulphydrates, reactions of, 1 29 
Supports for apparatus, 3 3 
Symbolic notation, 5 
Symbols, dash'd, 5 
Synoptic formulae, i x 

TABLE for detection of acids, 96 
of bases of group one, 

68 

of group two, 76^ 

of group three, 84 

— of blowpipe reactions, 55 

— of elements, 3 

— of preliminary testing for acids, 

90 
Tartrates, reactions of, 134 
Ternary acids, 6 
Test tubes, sealing, ao 
Tin, reactions of, m 
Tissues, composition of, 183 
Toxicological «xaniination8, 139 
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Toxicology of antimony, 169 

arsenious acid, 157 

copper, 155 

corrosive sublimate, 149 

hydrochloric acid, 144 

hydrocyanic acid, 173 

lead, 153 

mercury, 149 

morphia, 179 

nitrates, 143 

nitric acid, 142 

oxalic acid, 147 

prussic acid, 173 

strychnia, 175 

sulphuric acid, 139 

Tripod stands, 34 
Tube retorts, 25 
Tubes, funnel, 26 

— eas-evolving, 26 

— joined, 23 

— subliming, 18 

— reduction, 18 
Tubing, vulcanite, 22 



TTEATES, urinary deposits of, 201 
U Urea, crystals of, 190 

— from blood, 222 

— its detection, 189 

— preparation of, 189 

— properties of, 190 

Uric acid, crystalline form of, 1 92 

its detection, 190 

preparation of, 191 

properties of, 191 

urinary deposit of, 201 

calculus, 208 

Urinary calculi, 207 
construction of, 207 

— deposits, 200 

chemical, 201 

of cystine, 203 

earthy phosphates, 201 

~- lithates, 201 

oxalate of calciimi, 

202 

urates, 201 

uric acid, 201 



ZIN 



Urinary deposits, organised, 203 

of blood, 205 

mucus, 204 

normal sediment, 203 

pus, 204 

Urine, 188 

— abnormal, 195 

— albuminous, 195 
tests for, 195 

— appearance of, 205 

— ash of, 194 

— bUiary, 199 

— chemioEil examination of, 206 

— chylous, 200 

— clinical examination of, 205 

— colouring-matters of, 193 

— crystals from evaporation of, 1 94 

— extractive matters of, 193 

— fatty, 199 

— kiestein, 200 

— mineral salts of, 194 

— normal, properties of, 188 

— quantity of, 206 

— saccharine, 196 

— — tests for, 197 

— specific gravity of, 205 

VOLATILE SALTS, 55 
Volatilisations, 42 
Vulcanite tubing, 22 

WASH BOTTLE, 25 
Washing precipitates, 3 1 

— tube, gas, 28 
"Water baths, 34 

— precipitations by, 66 
Weighing, 46 
Weights, atomic, 2 

— decimal, 47 

— molecular, 2 



ZINC, blowpipe examination of, 
57. 
— reactions of, 121 
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M.A. Popular Edition, carefully revised ; with copious Additions. Crown 
8vo. with Portrait, 6*. 

HISTORY of MY BELIGIOTTS OPINIONS. By J. H. Nbwican, DJ). 

Being the Substance of Apologia pro YitA. Su&. Post Svo. Qs, 

FATHER MATHEW: a Biography. By John Francis Maouirs, 
11.P. for Cork. Popular Edition, with Portrait. Crown Svo. 8«.6ci. 

THE LIFE of FBANZ SCHTTBERT. Translated from the German 
of K. Yon Hellbobn, by A. D. CoLEEinaE, M.A. late Fellow of King's 
College, Cambridge. With au Appendix by G. Geove. 2 vols, tjoat Rvo 
with Portrait, 21«. *^ * 
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REMINISCENCES of FELIX HENDELS30HH-BAETH0LDT ; a 

Social and Artistic Biography. By Elisb Poleo. Translated from the 
German by Lady Wallacb. With additional Letters addressed to English 
Oorrespondents. Post 8yo. with Portrait and View, lOs. Qd, 

FELIX MENDELSSOHN'S LETTEB8 firom Italy and Switzerland, 

and Letters from 1883 to 1847, translated by Lady Waxlacb. New Edition, 
with Portrait. 2 vols, crown 8vo. hs, each. 

FARADAT as a BISCOVEREE. By John Tnn>ALL, LL.D. F.R.S. 
Professor of Natural Philosophy in the Royal Institution of Great Britain. 
With Two Portraits. Crown 8vo. ()*. 

MEMOIRS of SIR HENRY HAYELOCK, X.O.B. By John Clabk 

Mabshman. Cabinet Edition, with Portrait. Crown Svo. price 5«. 

CAPTAIN COOK'S LIFE, VOTAOES, and DISCOVERIES. 18mo. 
Woodcuts, 2a. ed, 

LIFE of Sir JOHN RICHARDSON, C.B. sometime Inspector of Naval 
Hospitals and Fleets. By .the Rev. John McIlbaith. Fcp. 8vo. with 
Portrait, 68, 

LIFE of PASTOR FLIEDNER, Founder of the Deaconesses* Institu- 
tion at Kaisers worth. Translated Arom the German by Cathbbinb Wikk- 
WOBTH. Fcp. 8vo. with Portrait, Zs. 6d, 

YICISSmrDES of families. By Sir J. Bernard Burke, C.B. 

Ulster King of Arms. New Edition, remodelled and enlarged. 2 vols, 
crown 8vo. 21«. 

THE EARLS of GRANARD: a Memoir of the Noble Family of Forbes. 
Written by Admiral the Hon. John Fobbbs, and edited by Gbobgs 
Abthub Hastings, present Earl of Granard, K.P. Sva 10«. 

GEORGE PETRIE, LL.D. M.R.I.A. ftc. formerly President of the 
Royal Hibernian Academy: his Life and Labours in Art and Archeeology. 
By William Stokes, m J). .Ac. Physician-in-Ordinary to the Queen in 
Ireland. 8vo. 128. 6d. 

ESSATS in ECCLESIASTICAL BIOGRAPHY. By the Right Hon. 
Sir J. Stbphbn, LL.D. Cabinet Edition (being the Fifth) . Crown 8vo. 78. M, 

ESSAYS on EDUCATIONAL REFORMERS : the Jesuits. Locke, J. J. 
Rousseau, Pestalozzi, Jacotot, &c By the Rer. R. H. Quick, M.A. Trin. 
Coll. Cantab. Post 8vo. 7«. 6d. 

ESSAYS, BIOGRAPHICAL and CRITICAL. By A. L. Meissner^ 
Ph.D. Professor of Modern Languages in Queen's College, Belfast, and in 
the Queen's University in Ireland. llfearly ready. 

MATTNDER'S BIOGRAPHICAL TREASURY. Thirteenth Edition, 
reconstructed, thoroughly revised, and in great part rewritten ; with about 
1,000 additional Memoirs and Notices, by W. L. R. Catbs. Fcp. 10«. 6(f. 

LETTERS and LIFE of FRANCIS BACON, including all his Occa- 
sional Works. Collected and edited, with a Commentary, by J. Speddino, 
Trin. Coll. Cantab. Vols. I. and II. 8vo. 24«. Vols. III. and lY. price 2te. 
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Criticism^ Philosophy^ Polity^ &c 

Xh» IV8T1TUTE8 of JJJVnXlKB\ with Engluh IntroduotioD, Trans- 
lalioQ. Mid Notes. By T. C. Sasdaxs, MJL Barrister, late Fe^w of Qrid 
CoILOxon. Fourth Edition. 8vo.l&«. 

S00BATS8 und the 80CBATI0 8CHO0L8. Tramilated. from the 
German of i>r. £. Zbij.bb, with the Author's approval, by the Bev. Oswald 
J. Bbichbl, B.CX. and M.A. Grown 8vo. 8*. 6c(. 

The ETHIC8 of AEI8T0TLE» illustrated with Essays and Notes. 
By Sir A. Gbavt. Bart MX LLJ). Seo6nd Edition, reHsedaud ocMnpleted. 
a vols. 8TO.prioe 28f . 

BLUCEITTS of LOGIC. By B. Whatblt, D.D. late Archbidiop of 

Dublin. Ninth Edition. 8vo. 10«. M, crown 8vo. 4«. <kl. " 

Xlsmsnts of Bhetorie. By the same Author. Sevoath Editioii. 
. ,8to. lOf. M. crown 8vo. 4«. 6<^. 

English Bynonymes. By E. Janb Wuatelt. Edited b^ Archbishop 
Whatbat. sth Edition. Fcp.8«. 

BAC0V*8 E88AT8 with AKN0TATI0H8. By B. Whatxlt, DJ). 
late Archbishop of Dublin. Sixth Edition. 8vo.l0«. 6d. 

lOBD BACON'S W0BX8, collected and edited by B. L. Bllib, M.A. 
J. SPBDDnro, M.A. and D. D. Hbath. Vols. L to Y . PhUoiophteal Woriti, 
StoIb. 8vo. £4e«. Vols, y Land YII. Idt&rary and ^txffeBHoHol Worit, 
a Tols. £1 16s, 

On BEPBESEHTATIYS OOVEBHIIEVT. By John Stitabt Mill. 
Third Edition. Svo. 99, Crown Svo. 28, 

On LIBEBTT. By John Stuart Mill. Fourth lEIditioii. Post 
8ro. 7«. Qd, Crown Svo. 1#. 4dL i 

Prineiples of Political Economy. By the . same Anthor*- Sixth 
Edition. 2 vols. Svo. 80«. Or in 1 vol. crown Svo. S«. 

A System of Logie, BatiocinatiTO and IndnctiTe. Bj the same 
Author. Seventh Edition. Two vols. Svo. 2S«. 

AHALTSIS of Mr. MILL'S SYSTEM of LOGIC. By W. Sx^BBBurOi 
M.A. Fellow of Worcester College, Oxford. Second Edition. 12mo. St. 6cf. 

VTILITABIANISM. By John Stuabt Mill. Third Edition. SvaSf. 

Dissertations and Discussions, Political, Philosopliieal, and Hii- 
torical. By the same Author. Second Edition, revised. 3 vols. Svo. dSt, 

Examination of Sir W. Hamilton's Philosophy, and of the Fdncipal 
Philosophical Questions discussed in his Writings. By the «a^w»<» Author. 
Third Edition. Svo. 18*. «*«i*«auwi 

An OITTLINE of the NECES8ABT LAWS of THOUGHT : a Treatifle 

on Pure and Applied Logic. By the Most Bev. AViixiam. Jjord Areh- 
bishop of York, DJ). F.B.S. Ninth Thousand. Crown SvoTS. sSl 
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The ELEMENTS of POLITICAL ECONOMT. By Hbnry DumnNO 

MACLEOD, M JL. Barrister-at-Law. 8to. ie«. 

A Dictionary of Political Economy ; Biographical, Bibliographical, 
Historical, and Practical. By the same Author. Vol. I. royal 8vo. 809. 

The ELECTION of EEPBE8ENTATIVES, Parliamentary and Mani- 
oipal ; a Treatise. By Thomas Habe, Barrister-at-Law. Third Bditioiitf 
with Additions. Crown 8vo.6«. 

SPEECHES of the EIGHT HON. LOSD XACAVLAT, corrected by 
Himself. Library Edition, 8to. 12«. People^s Edition, crown 9vo. Z§.6d, 

LOSD XACAVLATS SPEECHES on PAELIAHENTABT BSFOBM 

in 1831 and 1882. 16mo. la, 

INAITGITBAL ADDEESS delivered to the TJniyersity of St Andrews. 
By JoHK Stxtabt Mill. 8vo. 58. People's Edition, crown 8y6..1«. . , 

A DICTIONABT of the ENGLISH LANGUAGE. By B. G. Latham, 
M.A. M J). P.B.8. Founded on the Dictionary of Dr. Samuisl Jassaom, ae 
edited by the Bev. H. J. ToDD.^with numerous Emendations and Addltionf. 
In Two Volumes. Vol. 1. 4to. in Two Parts, price £8 lOff. In oours^. Cf 'pub- 
lication, also, in 86 Parts, price Sa. 6d. each. 

THESATTBTTS of ENGLISH WOEDS and PHBASSS, classified and 
arranged so as to facilitate the Expression of Ideas, and assist in Literary 
Composition. By P. M. Bogbt, M.D. New Edition. Grown Sro. lQf.6d. 

LSCTUBES on the SCIENCE of LANGUAGE, delivered at the Boyal 
Institution. By Max MI^lleb. M.A. Fellow of All Souls College, Oxford, 
2 Tols. 8vo. PiBST Sbeibs, Fifth Edition. 12a. Sbcovd Bbbibs, Seeond 
Edition, 18«. 

CHAPTEE8 on LANGUAGE. By Fsedebio W. Farrab, F.R.S. late 
Fellow of Trin. Coll. Cambridge. Crown 8vo. Sa, ed, 

WOED-GOSSIP ; a Series of Familiar Essays on Words and their 
Peculiarities. By the B«y . W. L. Blacklby, M.A. Fop. Svo. 6a, 

A BOOK ABOTTT WOEDS. By G. F. Gbaham, Author of * English, 
or the Art of Composition/ * English Synonymes,' * English Grammar 
Practice, ' English Style,' Ac. Fcp. 8to. [Aearly raadif. 

The DEBATES ; a Series of Complete Dehates, Oatlines of Debates, 
and Questions for Discussion. By F. Rowtob. Fop. 6a, 

1CANT7AL of ENGLISH LITEEATT7EE, Historical and CriticaL By 
Thomas Abbold, M JL. Second Edition, Crown Svo. price 7a, M, 

SOTTTHETS DOCTOE, complete in One Volume. Edited by the Ber. 
J. W. Wabtbb, B.D. Square crown 8vo. lia, 6d, 

HISTORICAL and CRITICAL COMMENTABT on the OLD TESTA- 
MENT ; with a New Translation. By M. M. Kalisch, Ph.D. Vol. L 
Oeneaia, 8vo. 189. or adapted for the General Bieader, 128. Vol. II. Bxodma, 
168. or adapted for the General Reader, 129. Vol. III. Levitiauat Part I. 
168. or adapted for the General Reader, Ba, 

A Hebrew Grammar, with Exercises. By the same Author. Fart I. 
Outlinea with Exerdaea^ 8yo. 129. 6c2. Kby, 69. Past II. Excaptionai 
Forms and Conatructionat 12a, ed. 
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A LATIH-EHGLISH DICTIOHABT. By J. T. White, D.D. of 
Corpus ChrUti College, and J. E. Riddle, MJL of St. Edmund Hail, Oxford. 
2 Tols. 4to. pp. 2,128, price 4&i, cloth. 

WlLit6*s College Latin-English Dictionary (Intermediate Size), 
abridged for the use of Uiiivcr>ity Studentti firom the Pareut Work (as 
above). Medium 8vo. pp. 1,0^. price IBa. cloth. 

White's Junior Student's College Latin-Snglish and EzLglisli-Latin 

Dictionary. Square 12no. pp. 1,05S, price IZ». 

a^r^^^t^^rr i '^^ ENOLISH-LATIX DICTIONARY, price 6#. 6dL 
separately | ^j^^ LATIN-ENGLISH DICTIONARY, price 7«. 6(L 

An ENGLI8H-6BEEX LEXICON, containing all the Greek Words 
used by Writers of good authority. By C. D. YovGB. BJL. New Edi- 
tion. 4ta 2ltf. 

Mr. YONGE'S NEW LEXICON, English and Greek, abridged from 
his larger work (as above). Revised Edition. Square 12mo. 8a. Bd. 

A GREEK-ENGLISH LEXICON. Compiled by H. G. Luddbll, D.D. 
Dean of Christ Church, and R. Scott, D J). Master of BallioL Fifth Edition. 
Crown 4to. SU. Qd, 

A Lexicon, Greek and English, abridged from Liddbli. and Scott's 
Oreek-English Lexicon, Twelfth Edition. Square 12mo. 7«. 6c{. 

A SANSKRIT-ENGLISH DICTIONARY, the Sanskrit words printed 
both in the original Dovanagari and in Roman Letters. Compiled by 
T. Benfby, Prof, in the Univ. of G6ttingen. Svo. 62s. M, 

WALKER'S PRONOUNCING DICTIONARY of the ENGLISH LAN- 
GUAGE. Thoroughly revised Editions, by B. H. Smakt. Svo. 12#. 16mo. 6«. 

A PRACTICAL DICTIONARY of the FRENCH and ENGLISH LAN- 
GUAGES. By L. CoNTANSEAU. Thirteenth Edition. Post Svo. lOt. 6d. 

Contansean's Pocket Dictionary, French and English, abridged irom 
the above by the Author. New Edition, revised. Square ISmo. 8«. 6d. 

NEW PRACTICAL DICTIONARY of the GERMAN LAKQUAGE; 

German-English and English-German. By the Rev. W. L. Blackibt, MJL. 
and Dr. Cajll Mabtin Fbiedlai^ deb. Post Svo. ?«. 6c{. 



Miscellaneous Works and Popular Metaphysics. 

The ESSAYS and CONTRIBUTIONS of A. K. H. B., Author of < The 

Recreations of a Country Parson.' Uniform Editions :— 

Recreations of a Country Parson. Fibst and Second Sebies cro^n 

Svo. S«. 6c2. each. 

The Common-place Philosopher in Town and Country. Crown 8to. 

Leisure Hours in Town; Essays Consolatory, JEsthetical, Moral 
Social, and Domestic. Crown Svo. 3«. M, ' 



s 






NEW WOHKS PUBLISHED BY LONGMANS and CO. 9 



The Aatnnm Holidays of a Country Farion; Essays contributed 
to Frasev'B Magazine and to Good Words, Crown 8to. 3«. 6J. 

The Graver Thoughts of a Country Parson. First and Second 
Sebies, crown 8vo. 3«. 6£2. each. 

Critical Essays of a Country Parson. Selected from Essays con- 
tributed to Fraser's Magazine, Crown 8yo. Zt, 6d. 

Sunday Afternoons at the Parish Church of a Scottish Vniversity 

City. Crown Svo. 3«. 6d. 

Lessons of Middle Age, with some Account of -various Cities and 
Men. By A. E. H. B. Author of ' The Biocreations of a Country Parson.' 
Crown Svo. S«. 6d. 

Counsel and Comfort spoken firom a City Pulpit. Crown Svo. 3«. 6(f. 

Changed Aspects of TTnchanged Truths : Memorials of St. Andrews 
Sund^s. Crown Svo. 3«. ^d, 

BROB,T STUDIES on GBEAT SUBJECTS. By James Anthony 
Fboude« M. a. latu Follow of Exeter Coll. Oxford. Third Edition. Svo. 12«. 

LOEI) MACAXTLAT'S MISCELLANEOTTS WEITINGS :^ 
LiBBABT Edition. 2 vols. Svo. Portrait, 21«. 
Pbople's Edition. 1 voL crown Svo. 48, Qd, 

The BEY. SYDNEY SMITH'S HISCELLAKEOITS WOBXS ; includ- 
ing his Contributions to the Edinburgh Beview, 2 vols, crown Svo. Sa, 

The Wit and Wisdom of the Bey. Sydney Smith, a Selection of 
the most memorable Passages in his Writings and Conversation. 16mo. S«. 

EPIGBAHS, Ancient and Modern ; Humorous, Witty, Satirical, Moral, 
and Panegyrical. Edited by Bev. John Booth, BA. Cambridge. Second 
Edition, revised and enlarged. Pep. 1$, fid. 

The PEDIGBEE of the ENGLISH PEOPLE; an Argument, His- 
torical and Scientific, on the Ethnology of the English. By Thomas 
Nicholas, M.A. PhJ). Svo. IQs, 

The ENGLISH and THEIB OBIGIN : a Prologue to authentic English 
History. By Luke Owen Pike, M.A. Barrister-at-Law. Svo. Qs, 

ESSAYS selected from CONTBIBVTIONS to the Edinburgh Review, 
By Heney Booebs. Second Edition. 8 vols. fcp. 219. 

Boason and Eaith, their Claims and Conflicts. By the same Author. 
New Edition, accompanied by several other Essays. Crown Svo. 68, M, 

The Eclipse of Eaith ; or, a Visit to a Beligious Sceptic. By the 
same Author. Twelfth Edition. Pep. 68, 

Defence of the Eclipse of Faith, by its Author ; a rejoinder to Dr. 
Newman's JSap^y. Third Edition. Tcp,38,Qd, 

Selections from the Correspondence of B. E. E. Greyson. By the 

same Author. Third Edition. Crown Svo. 7«. 6c2. 
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CfEIPS from a 0EBKAH W0BK8HOP ; being Essays on the Science 
of BeliKion, and on Mythologr, Traditions, and Castoms. 1^ Max 
Ht^LLEB. Bf.A. Fellow of All Souls College. Oxford. Sec(md Edition, revised, 
with an Index. 2 ▼ol>. 8to. 24«. 

AITALTSIB of the PHEHOMEITA of the HIHCAH KIKB. By 
James Mill. A New Edition, with Notes, lUastrattve and Oritica], hj 
Albxa^tdbr Bai^t. Abdbbw FiiTDLATBB, aiid Gboegb Gbotb. Bditedu 
with additional Notes, by Johk Stuart Mill. 2 toIs. 8to. price 28t. 

An nrTBODT7CnOir to KEHTAL PHILOSOPET, on the IndnctiTe 

Method. By. J. D. Mobbll, M JL. LLJ). Syo. Us. 
Xlemonti of Psyehology, containing the Analysis of the JkteDeetaal 

Powers. By the same Author. Post Sva 7«. 6<{. 

The 8ECBET of HE0EL: being the Hegelian System in Qrighi, 
Principle, Form, and Matter. By J. H. SxiBLnre. S toIs. 8to. 88ft. 

The 8EHSE8 and the IHTSLLECT. By Alxxahdxe Baui; 1C.A. 
Professor of Lo^o in the University of Abenleen. Third Edition. 8vo. Ifit. 
The ElCOTIOll'8 and the WILL. By the same Anther. Second 

Edition. 8vo.l5«. 

On the BTITDY of CHAEACTXB, inclndingan Estunate of Phrenology. 

By the same Author. 8vo.8«. 

XENTAL and MOBAL SCIEMCE: a Compendiom of Psychology 

and Etliics. By the same Author. Second Edition. Crown 8vo. lac 6d. 

The PHILOSOPHT of KECSSSITT ; or. Natural Law as applieable to 

Mental, Moral, and Social Science. By Chables Bbat. Second Edition. 
8vo.0ff. 

The Edneation of the Feelings and Aifoctions. By the same Anthor. 

Third Edition. 8vo.8«.<k2. 
On Force, its Mental and Moral Correlates. By the same Anthor. 

Svo. 58. 

The FOLK-LOBE of the NOBTHEBN COUHTIEB of EMOLAirB and 

the Borders. By William Hekdebsok. With an Appendix on House- 
hold Stories by the Bcv. S. Babino-Gould, M JL Post Svo. 8«. fid. 



Astronomy^ Meteorology, Popular Geography^ &c. 

OXTTLnrES of ASTBONOMT. By Sir J. F. W. HxRaoKEi., Bait 

MA. Ninth Edition, revised ; with Plates and Woodcuts. Svo. 18«. 

SATT7BN and its STSTEM. By Richard A. Prootok, B.A. late 
Scholar of St John's Ck)U. Gamb. Svo. with 14 Plates, 14s. 

Handbook of the Stars. By the same Author. With 3 Haps. Square 
fcp. 5s. 

CELESTIAL OBJECTS for COMMON TELESCOPES. Bv the Bev. 

T. W. Webb, M.A. P.B.A.S. Second Edition, revised, with a large Map of 

the Moon, and several Woodcuts. 16mo. Is. Qd. 

NAVIGATION and NAUTICAL ASTBONOMT (Practical, Theoretical, 

Scientific) for the use of Students and Practical Men. By J. Mkbbibibij), 
F.R.A.S and H. Evbes. Svo. 14». 
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DOVE'S LAW of 8T0SMS, considered in connexion with the Ordinanr 
Movements of the Atmosphere. Translated by £. H. Scoir, MJL T.G j5. 
Svo. I0«.6d. 

PHT8ICAI eSOOSAFHT for SCHOOLS and OEHEEAL SEADSBS. 
ByM. F. Mauby, LLJ). Fcp. with a Charts, 2«. 6d, 

A TREATISE on the ACTION of VIS INERTIJB in the OCEAN ; 

with Remarks on the Abstract Nature of the Forces of Vis Inertia 'and 
Gravitation, and a New Theory of the Tides. By William LEiaHTON 
JoRDAJSi, F.R.G.S. With 12 Charts and Diagrams. 8vo. 14s. 

M^CITLLOCH'S LICTIONABT, Geographical, Statistical, and Historical, 
of the various Countries, Places^ and Principal Natural Objects in the World. 
New Edition, with the Statistical Information brought up to the latest 
returns by F. Mabtin. 4 vols. Svo. with coloured Maps, £4 49. 

A GENERAL LICTIONART of GEOGRAPHY, Descriptive, Physical, 
Statistical, and Historical : forming a complete €ta«etteer of the World. By 
A. KEirn JoHirsTON. LL J) F.R.G.S. Revised Edition. 8vo.SU.6J. 

A MANUAL of GEOGRAPHT, Physical, Industrial, and Political. 
By W. HuaHES, F JLG.S. 'Withe Maps. Fop.7«.6(i. 

The STATES of the RIVER PLATE : their Industries and Commerce. 
By WiLFBiD Latham, Buenos Ayres. Second Edition, revised. Svo. 12s» 

MAT7NDER'S TREASTTRT of GEOGRAPHT, Physical, Historical, 
Descriptive, and Political. Edited by W. Hn<}KBB, F.R.G.S. With 7 Maps 
and 16 Plates. Fop. 10«. 6d. 



Natural History and Popular Science. 

ELEMENTARY TREATISE on PHTSICS, Experimental and AppUed. 
Translated and edited from GAiroT*8 Moments de Physique (with the Au- 
thor's sanction) by B. Atkinson, Ph. D. F.C.S. New Edition, revised 
and enlarged ; with a Coloured Plate and 620 Woodcuts. Post Svo. 16«. 

The ELEMENTS of PHTSICS or NATT7RAL PHILOSOPHT. By 

Neil Abnott, M J). F.R.S. Physician Extraordinary to the Queen. Sixth 
Edition, rewritten and completed. Two Parts, Svo. 219. 

SOXTNl): a Course of Eight Lectures delivered at the Royal Institution 
of Great Britain. By John Tyndall, LL.D. F.R.S. Crown Svo. with 
Portrait of M, Chladni and 169 Woodcuts, price 9«. 

HEAT CONSIBEREB as a MODE of MOTION. By Professor John 
Tyndall, LLJ). F.B.S. Third Edition. Crown Svo. with Woodcuts, 10«. td, 

LIGHT : Its Influence on Life and Health. By Forbes Winslow, 
M.D. D.C.L. Oxon. (Hon.). Fcp. Svo. 6«. 

An ESSAY on LEW, and several Appearances connected with it. 
By W. C. Wells. Edited, with Annotations, by L. P. Casella, F.BJLS. 
and an Appendix by R. Stkachan. F.M.S. Svo. 6*. 

A TREATISE on ELECTRICITY, in Theory and Practice. By A. 
De la Rive, Prof, in the Academy of Geneva. Translated by C. Y. Waliuib, 
F.R.S. 3 vols. Svo. with Woodcuts, £S IZa, 
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The COBBELATION of FHTSICAI FOBGES. By W. R. Grovb, 
Q.G. V.P.B.S. Fifth Edition, revised, and followed by a Discourse on Con- 
tinuity. 8yo. 10«. 6d, The Discourse on Continuity, separately, 2s. 9d. 

MANITAL of 6E0L0GT. By S. Haughton, M.D. F.R.S. Reyised 

Edition, with 66 Woodcuts. Fcp. 7«. Qd, 

A 0iriDE to 0EOLO6Y. By J. Phillips, M.A. Professor of Geology 
in the University of Oxford. Fifth Edition, with Plates. Fcp. 4«. 

The STITDENT'S MANITAL of ZOOLOGY and COMFABATIYE 
PHYSIOLOGY. By J. Bfenet Yeo, M.B. Besident Medical Tutor and 
Lecturer on Animal Physiology iu King's College, London. ^Nearly ready, 

VAN DEB HOEVEN'S HANDBOOK of ZOOLOGY. Translated from 
the Second Dutch Edition by the Bev. W. Clabe, M J). F.B.S. 2 vols. 8yo. 
with 24 Plates of Figures, 609. 

Professor OWEN'S LEGTUBES on the COMPABATIVE ANATOMY 

and Physiology of the Invertebrate Animals. Second Edition, with 235 
Woodcuts. 8vo. 219. 

The COMPABATIVE ANATOMY and PHYSIOLOGY of the VEETE- 

brate Animals. By Bichabd Owen, F.BS. D.CL. With 1,472 Wood- 
cuts. 3 vols. 8vo. £3 1 Ss, 6d, 

The FIBST MAN and HIS PLACE in CBEATION, considered on 
the Principles of Common Sense from a Christian Point of View. By 
GEOBaE Moobe, M.D. Post 8vo. Bs, ed. 

The PBIMITIVE INHABITANTS of SCANDINAVIA : containing a 
Description of the Implements, Dwellings, Tombs, and Mode of Living of 
the Savages in the North of Europe during the Stone Age. By Syek 
NiLSBON. Translated from the Third Edition ; with an Introduction by 
Sir J. LuBBOCE. With 16 Plates of Figures and 3 Woodcuts. Sva IBs. 

BIBLE ANIMALS ; being an Account of the yarions Birds, Beasto, 

Fishes, and other Animals mentioned in the Holy Scriptures. By the Bev. 
J. G. Wood, M.A. F.L.S. Copiously illustrated with Original Desijgns, made 
under the Author's superintendence and engraved on wood. In course of 
publication monthly, to be completed in 20 Parts, price Is. each, forming 
One Volume, uniform with * Homes witliout Hands.' 

HOMES WITHOUT HANDS : a Description of the Habitations of 
Animals, classed according to their Principle of Construction. By Bev. J. 
G. Wood, M.A. F.L.S. With about 140 Vignettes on Wood (20 fbU size of 
page). New Edition. 8vo. 2l9. 

MANUAL of COBALS and SEA JELLIES. By J. B. Grebne, RA. 
Edited by Joseph A. Galbbaith, M.A. and Samuel HAxraHTOV, M.D. 
Fcp. with 39 Woodcuts, 5s, 

Manual of Sponges and Anixnalcnlse ; with a General Introdnction 
on the Principles of Zoology. By the same Author and Editors. Fcp. with 
16 Woodcuts, 28. 

Manual of the Metalloids. By J. Apjohn, M.D. F.R.S. and the 

same Editors. Bevised Edition. Fcp. with 38 Woodcuts, Is. 6d, 

A FAMILIAB HISTOBY of BIBDS. By E. Stanley, D.D. F.R.a 
late Lord Bishop of Norwich. Seventh Edition, with Woodcuts. Fcp. Ss. 6d. 
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The HABMONIES of NATITBE and ITNITT of CBEATIOIT. By Dr. 

GEOBaB HABTWia. 8vo. with numerous Illustrations, IBs. 

The Sea and its Living Wonderi. By the same Author. Third 
(English) Edition. 8vo. with many Illustrations, 2l9. 

The Tropical World. By the same Author. With 8 Chromoxylo- 
grapfais and 172 Woodcuts. 8yo. 21«. 

The FOLAB WOBLD ; a Popular Description of Man and Nature in the 
Arctic and Antarctic Regions of the Globe. By Dr. Geobge Habtwiq. 
With 8 Chromoxylographs, 3 Maps, and 85 Woodcuts. 8vo. ils. 

CEYLON. BySir J.EmebsonTennbnt,K.C.S. LL.D. Fifth Edition ; 

with Maps, &c. and 90 Wood Engravings. 2 vols. 8vo. £2 10«. 
KIBBY and SFENCE'S INTBODUCTION to ENTOMOLOGY, or 

Elements of the Natural History of Insects. 7th Edition. Grown 8vo. 68, 
UAXTNDEB'S TBEASUBY of NATUBAL HISTOBY, or Popular 

Dictionary of Zoology. Revised and corrected by T. 8. Cobbold. M J). 

Pep. with 900 Woodcuts. 10«. 6rf. 

The TBEASUBY of BOTANY, or Popular Dictionary of the Vegetable 
Kingdom ; including a Glossary of Botanical Terms. Edited by J. Lindlet, 
F.R.S. and T. Moose, F.L.S. assisted by eminent Contributors. Pp. 1,274> 
with 274 Woodcuts and 20 Steel Plates. 2 Parts, fcp. 20a, 

The ELEMENTS of BOTANY for FAMILIES and SCHOOLS. 

Tenth Edition, revised by Thomas Moose, F.L.S. Fcp. with 164 Wood- 
cuts. 28, 6d, 

The BOSE AMATETTB'S GUIDE. By Thomas Kiyebs. Twelfth 
Edition. Fcp. 4s. *, 

The BBITISH FLOBA; comprising the Phsenogamous or Flowering 
Plants and the Ferns. Bv Sir W. J. Hookes, K.H. and G. A. Walkbs- 
Abnott, LL.D. 12mo. with 12 Plates, 148. or coloured. 21«. 

LOUDON'S ENCYCLOFiEDIA of PLANTS ; comprising the Specific 
Character, Description, Culture, History, &c. of all the Plants found in 
Great Britain. With upwards of 12,000 Woodcuts. 8vo.42«. 

MAITNDEB'S SCIENTIFIC and LITEBABY TBEASITBY. New 

Edition, thoroughly revised and in great part re*written, with above 1,000- 
new Articles, by J. Y. Johnson, Corr. M.Z.S. Fcp. 10«. 6d. 

A DICTIONABY of SCIENCE, LITEBATTJBE, and ABT. Fourth 
Edition, re-edited by W. T. Bsande (the Author), and Geosge W. Cox, MJL.. 
assisted by contributors of eminent Scientiflc and Literary Acquirements. 
3 vols, medium 8vo. price 63«. cloth. 

The aXTABTEBLY JOVBNAL of SCIENCE. Edited by James 
Samuelson and William Ceookes, F.R.8. Published quarterly in 
January, AprU, July, and October. 8vo. with Illustrations, price 68. each 
Number. 

Chemistry, Medicine, Surgery, and the 

Allied Sciences. 

A DICTIONARY of CHEMISTBY and the Allied Branches of other 
Sciences. By HEiniT Watts, F.R.S. assisted by eminent Contributors. 
Complete in 5 vols, medium 8vo. £7 3«. 
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XLSMXHT8 Of CHEMI8TBT, Theoretical and PnicticaL By Wiluax 
A. HiLLBB, M JX LL.D. F.&.S. F.6.S. Prof, of Chemistry, King's Cdl 
London. S vols. Svo. £S. Past I. Chemical Physics, 15«. Past U. 
Iboboavio Chbmistxt, 21«. Past III. OBOAiric Chsmibtbt, 8te. 

A XAKUAL of CHEiaSTBT, Descriptive and Theoretical Bj 
William Odlivo, M3. FJLS. Past L 8vo. te. Pabt II. /«w^ fMk^y. 

A Course of Practical Chemistry, for the use of Medical Students. 
By the same Author. New Edition, with 70 Woodcuts. Crowm Src 7«. 6d. 

Leetnres on Animal Chemistry, delivered at the Koyal College of 
Physicians in 1865. By the same Author. Crown 8vo. 4s. iki» 

EAITBBOOK of CHEMICAL ANALYSIS, adapted to the Unitabt 
System of Notation. Bv F. T. CoNiNOTOir, M.A. F.C.S. Post Svo. 7«. 6d. 
--ConinOTON*8 Tables qf (Qualitative Analysis, price 2s. fid. 

The DIAONOSIS, PATHOLOGY, and TBSATMEKT of DISEASES 

of Women ; including the IHacnosis of Pregnancy. By G&ailt Hewitt, 
M J). Second Edition, enlarged ; with 116 Woodcut Illustrations. Svo. 24*. 

LSCTXJEES on the DISEASES of INFANCY and CHILDHOOD. Bj 
Chaklbs West, M.D. Aa Fifth Edition, revised and enlarged. Svo. 16*. 

A SYSTEK of SUSOEBY, Theoretical and Practical. In Treatises 
by Various Authors. Edited by T. Holmbs, MJL. Ao. Surgeon and Lecturer 
on Surgery at St.; George's Hospital, and Surgeon-in-Chief to the Metro- 
politan Police. 4vols.8vo. £413*. 

The SVB6ICAL TREATMENT of CHILDBEN'S DISEASES. By 

T. Holmes. M.A. &o, late Surgeon to the Hospital for Sick Children. 
Second Edition, with 9 Plates and 1 12 Woodcuts. Svo. 21s, 

LECTintES on the PBINCIPLES and PRACTICE of PHYSIC. Br 

Sir Thomas Watsok, Bart. M.D. New Edition in preparatiou. 

LECTTIBES on SITBGICAL PATHOLOGY. By J. Paqbt, F.RS. 
Edited by W. Tubneb, M3. New Edition in preparation. 

On CHRONIC BRONCHITIS, especially as connected with GOUT, 
EMPHYSEMA, and DISEASES of the HEART. By B. Hhapt.a¥ 
GsEENHOW. M.D. F.E.C.P. &c. Svo. 7s, 6d. 

A TREATISE on the CONTINUED FEVERS of GREAT BBITADT. 

By C. MuECHisov, M.D. New Edition in preparation. 

CLINICAL LECTURES on DISEASES of the LI7ER, JAUNDICE, 

and ABDOMINAL DROPSY. By Chakles Muechisoht, M.D. PostSvo. 
with 25 Woodcuts, 10«. 6d. 

ANATOMY, DESCRIPTIVE and SURGICAL. By Hbkrt Geat, 

P.R.S. With 410 Wood Engravings from Dissections. Kew Edition bv 
T. Holmes. M.A. Cantab. Royal Svo. 28*. .-«»x«iuii, uj 

The THEORY of OCULAR DEFECTS and of SPECTACLES. Trans- 
lated from the Oerman of Dr. H. ScHEFPLERby R. B. Carteb. PRCS. 
With Prefatory Notes and a Chapter of Practical Instructions. Post 8vo. 
7s. 6d. 

OUTLINES of PHYSIOLOGY, Human and Comparative. By Johh 
Maeshall, P.R.C.S. Surgeon to the University College Hosnif a1 a vnii. 
crown Svo. with 123 Woodcuts. 32». ^"spuau avow. 
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ESSAYS on PHTSIOLOGICAL STIBJECTS. By Gilbbrt W. Child, 

M.D. P.L.8. P.C.S. of Exeter College, Oxford. 8vo. 6s, 

PHYSIOLOGICAL ANATOMY and PHYSIOLOGY of MAH. By the 
late B. B. Todd, M.D. P.B.8. and W. Bowman, P.E.S. of King's College. 
With numerous Illustrations. Vol. IL 8vo. 26s, 

Vol. I. New Edition bv Dr. Lionel S. Bbjlle, F.B.S. in oourse of publi- 
cation; Past I. with 8 Plates, 7s, 6d, 

COFLAND*S DICTIONABY of PBACTICAL MEDICINE, atddged 
ftrom the larger work and throughout brought down to the present State 
of Medical Science. 8vo. ZQs, 

The WOBXS of SIB B. C. BBODIE, Bart, collected and arranged 
bj Chables Hawkins, P.B.C.S.E. 8 vols. 8vo. with Medallion and ^c- 
simile, 48«. 

On ANILINE and its DEBIVATIVES : a Treatise on the Manufac- 
ture of Aniline and Aniline Colours. By M. Bbimank, Ph,D. L.A.M. To 
which is added the B«port on the Colouring Matters derived from Coal 
Tar shewn at the Prench Exhibition of 1887. Edited by William Cbookbs, 
P.E.S. With 5 Woodcuts. 8vo. 10«.6d. 

A MANUAL of MATERIA MEDIOA and THEBAPEVTIOS, abridged 
from Dr. Pebbiba's Elements by P. J. Pabbe, MJ). assisted by &. BBHTunr, 
M.B.C.S. and by B. Wabing^ton, P.B.S. 8yo. with 90 Woodcuts, 2U. 

THOMSON'S CONSPEGTXTS of the BBITI8H PHABMAGOPCEIA. 

25th Edition, corrected by E. Lloyd Bibeett, M J). 18mo. price 89. 

MANT7AL of the DOMESTIC PBAGTICE of MEDICINE. By W. B. 
Kestbyen, P.B.C.S.E. Third Edition, revised, with Additions. Fcp.6«. 

GYMNASTS and GYMNASTICS. By John H. Howard, late Pro^ 

fessor of Gymnastics, Comm. Coll. Bippondon. Second Edition, revised 
and enlarged, with 135 Woodcuts. Crown 8vo. 10s. 6d, 



The Fine Arts, and Illustrated Editions. 

MATEBIALS for a HISTOBY of OIL PAINTING. By Sir Chables 
Locke Eastlake, sometime President of the Boyal Academy. Vol. XL 
8vo. 149. 

HALF-HOITB LECTUBES on the HISTOBY and PBACTICE of the 

Pine and Ornamental Arts. By William B. Scott. New Edition, revised 
by the Author ; with 50 Woodcuts. Crown 8vo. Ss. (id. 

LECTXTBES on the HISTOBY of MODEBK MT7SIC, delivered at the 
Boyal Institution. By John Hijllah. Pibst Coubsb, with Chro- 
nological Tables, post 8vo. 6s. 6d. Second Coubsb, on the Transition 
Period, with 40 Specimens, 8vo. IQs. 

SIX LECTUBES on HABMOHY, deliyered at the Boyal Institution 
of Great Britain in the Year 1887. By G. A. Macvabben. With nume- 
rous engraved Musical Examples and Specimens. 8vo. 10s. Od, 

The CHOBALE BOOK for ENGLAND : the Hymns translated by 
Miss C. WiNKWORTH; the tunes arranged by Prof. W. S. Bennett and 
Otto Goldschmidt. Pep. 4to. 12*. 6d, 

Congregational Edition. Fcp. 2s, 



16 NSW WOR&S prBLisnED by LONGMANS akd CO. 

8ACBED MTTSIC for FAIOLY USE; a Selection of Pieces for One, 

Two, or more Voices, from the best Composers, Foreifni and English. 
Bdited by JonN Hullah. 1 vol. music folio, price 21s, 

The ITEW TE8TAMEKT, illoBtrated with Wood Engrayings after the 
Early Masters, chiefly of the Italian SchooL Crown 4to. 68*. cloth, gUt top ; 
or £5 69. elegantly bound in morocco. 

LTBA OEBXAinCA ; the Christian Tear. Translated by Catherikb 
WnrKWOBTH ; with ixs. Illustrations on Wood drawn by J. Leightov, 
YAJl. 4to.2l9. 

LTBA GEBMAKICA ; the Christian Life. Translated by Cathbrii9S 

WnrKWORTH : with about 200 Woodcut Ulustrations by J. LsiCtHTOB^, F.SJL. 
and other Artists. 4to. ils. 

The LIFE of XAK STHBOLISEL by the MONTHS of the TEAE. 

Text selected by B. Pigot ; Illustrations on Wood firom Original Designs by 
J. Leiohton, F.S JL 4to. 42«. 

CATS' and FAELIE'S HOEAL EXBLEMS ; with Aphorisms, Adages, 
and Proverbs of all Nations. 121 Illustrations on Wood by J. Lsightov, 
F.S JL Text selected by £. Pioor. Imperial 8vo. 3U. 6d, 

SHAXESPEABE'S XIDSTriCMEB HieHTS LBEAM, illustrated 
with 24 Silhouettes or Shadow-Pictures by P.KomswiLA., engraved on Wood 
by A. VooEL. Folio, 81«. 6d. 

SHAKSPEABE'S SENTIMENTS and SIMILES, printed in Black and 
Gold, and Illuminated in the Missal Style by Hensy NoeIi Humfhseys. 
Square poet 8vo. 21 «. 

SACBED and LE6ENDABT ABT. By Mrs. Jameson. 

Legends of the Saints and Martyrs. Fifth Edition, with 19 
Etchings and 187 Woodcuts. 2 vols, square crown 8vo. 81«. 6d, 

Legends of the Monastic Orders. Third Edition, with 11 Etchings 
and 88 Woodcuts. 1 voL square crown 8vo. 21tf. 

Legends of the Madonna. Third Edition, with 27 Etchings and 165 

Woodcuts. 1 vol. square crown 8vo. 21«. 
The History of Onr Lord, with that of his Types and Precnrsois. 

Completed by Lady Eastlake. Revised Edition, with 31 Etchings and 

281 Woodcuts. 2 vols, square crown Svo. ^28. 



ArtSj Manufactures^ &c. 

DBAWIN0 from NATITBE. By Geobgb Barnard, Professor of 
Drawing at Bugby School. With 18 Lithographic Plates, and 108 Wood 
Engravmgs. Imperial 8vo. price 26s, Or in Three Parts, royal Svo. 7s, 6d, 
each. 

GWILrS ENCTCLOPJEDIA of ABCHITEGTT7BE, with above 1,100 
Engravings on Wood. Fifth Edition, revised and enlarged by Wtatt 
Pafwobth. Additionally illustrated with nearly 400 Wood Engravings by 
O. Jewitt, and more than 200 other new Woodcuts. 8vo. 52s. 6d, 
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ITALIAN SGXTLPTORS ; being a History of Sculpture in Northern, 
Southern, and Eastern Italy. £y C. C. Pebkins. With SO Etchings and 
13 Wood Engravings. Imperial 8vo. 4i«. 

TUSCAN SGVLFTOHS, their Lives, Works, and Times. With 45 
Etchings and 28 Woodcuts from Original Drawings and Photographs. By 
the same Author. 2 vols, imperial Svo. 63«. 

OBI0INAL DESIGNS for WOOD-CABYING, with PBACTICAI IN- 

struciions in the Art. By A. F. B. With 20 Plates of Illustrations engraved 
on Wood. 4to. 188, 

HINTS on HOUSEHOLD TASTE in FUBNITXTBE, XTPHOLSTEBT, 

and other Details. By Chables L. Eastlake, Architect. With about 
90 Illustrations. Square crown Svo. 1%8. 

The ENGINEEB'S HANDBOOK; explaining the Principles which 
should guide the Young Engineer in the Construction of Machinery. By 
G. S. Lowndes. Post Svo. 5s. 

The ELEMENTS of MECHANISM. By T. M. Goodevb, M.A. 

Professor of Mechanics at the H. M. Acad. Woolwich. Second Edition, 
with 217 Woodcuts. Post Svo. 68. Qd, 

LATHES and TUBNING, Simple, Mechanical, and OBNAMENTAL. 
By W. Uenby Noethcott. With about 240 Illustrations on. Steel and 
W ood. Svo. 18s. 

UBE'S DICTIONABY of ABTS, MANTTEACTirBES, and MINES. 

Sixth Edition, chiefly rewritten and greatly enlarged by Bobebt Hukt, 
P.B.8. assisted by numerous Contributors eminent in Science and the Arts, 
and familiar wv.h Mannfactures. With above 2,000 Woodcuts. 8 vols, me- 
dium Svo. price £4 lis. Qd, 

HANDBOOK of FBIlCTICAL TELEOBAFHY, published with the 
sanction of the Chairman and Directors of the Electric and International 
Telegraph Company, and adopted by the Department of Telegraphs for 
India. By B. S. Culley. Third Edition. Svo. ]2«. 6c;. 

ENCYCLOPJEDIA of CIVIL ENGINEEBING, Historical. Theoretical, 
and Practical. By E. Cbeby, C.E. With above 3,000 Woodcuts. Svo. 428. 

TBEATISE on MILLS and MILLWOBK. By W. Fairbairn, C.E. 

Second Edition, with 18 Plates and S22 Woodcuts. 2 vols. Svo. dis, 
XTsefnl Information for Engineers. By the same Author. First, 
Second, and Third Sebies, with many Plates and Woodcuts. 8 vols, 
crown Svo. 10«. 6d. each. 

The Application of Cast and Wrought Iron to Building Purposes. 

By the same Author. Third Edition, with 6 Plates and 118 Woodcuts. Svo. 168. 

IBON SHIP BXTILDIN6, its History and Progress, as comprised in a 
Series of Experimental Researches. By the same Author. With 4 Plates and 
130 Woodcuts, bvo. IS*. 

A TBEATISE on the STEAM ENGINE, in its yarions Applications 
to Mines, Mills, Steam Navigation, Railways and Agriculture. By J.Boubne, 
C.E. Eighth Edition : with Portrait, 37 Plates, and 646 Woodcuts. 4to. 4&8. 

Catechism of the Steam Engine, in its Tarious Applications to 
Mines, Mills, Steam Navigation, Railways, and Agriculture. By the same 
Author. With 89 Woodcuts. Fcp. 6s, 

Handbook of the Steam Engine. By the same Author, forming a 
Key to the Catechism of the Steam Engine, with 67 Woodcuts. Pep. 98, 

c 
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A TBSATI8E on the 8CBEW PEOPELLEB, 8CSEW VESSELS, and 
Screw Engines, as adapted for purposes of Peace and War ; with Notices 
of other Methous of Propulsion, Tables of the Dimensions and Performance 
of Screw Steamers, and detailed Sueciflcations of Ships and Engines. By 
J. BousxB, C.E. Third Edition, with 54 Plates and 287 Woodcuts. 4to. 63». 

EXAMPLES of MODEBN STEAM, AIB, and GAS EHOIHES of 
the most Approved Types, as employed for Pumping. Tor Driving Machinery, 
for Locomotion, and for Agriculture, minutely and practically described. 
Illustrated by M'orking Drawings, and enibodyini? a Critical Account of all 
Projects of Recent Improvement in Furnaces. Boilers, and Engines. By 
the same Author. In course of publication monthly, to be completed in 24 
Parts, price 2«. 6d. each, forming One volume 4to. with about 50 Plates and 
400 Woodcuts. 

A EISTOBT of the MAGHINE-WBOVGHT EOSIEBY and LACE 

Hanuflsctures. By William Fblkiit, F.L.S. F.S.S. 'BUxyal 8vo. 21«. 
PEACTICAL TBEATI8E on METALLITBGT, adapted from the last 
German Edition of Professor Kerl's Metallurgy by W.Crookb8,F.R.S. Ac. 
and E. R6hrio, Ph.D. M.E. Vol. I. comprising Lead, Silver, Zinc, 
Cadmium, Tin. Mercury, Bismuth, Antitnonpt IfichA, Arsenic Chid, 
Flatinum, and Sulphur. 8vo. with 207 Woodcuts. 31«. 6d. 

MITCHELL'S MANUAL of PRACTICAL ASSAYING. Third Edi- 
tion, for the most part re- written, with all the recent Discoveries incor- 
porated, by W. CaooKBS, F.R.S. With 188 Woodcuts. 8vo. 2Ss. 

Tho AST of PEBFITMEBT ; the Historj and Theory of Odours, and 
the Methods of Extracting the Aromas of Plants. By Dr. Pibssb. F.CJEL 
Third Edition, with 63 Woodcuts. Crovm 8vo. 10«. 6d. 

Chemical, Natoral, and Phyiical Magic, for Jnreniles during the 
Holidays. By the same Author. Third Edition, with 38 Woodcuts. Fcp. St. 

LONDON'S ENCTCL0P2DIA of AGBICTTLTTJBE : comprising the 

Laying-out, Improvement, and Management of Landed Property, and the 
Cultivation and Economy of the Productions of Agriculture. With LlOO 
Woodcuts. 8vo. 31«. Qd, 

London's Enoylopsdia of Gardening: comprising the Theory and 
Practice of Horticulture, Floriculture, Arboriculture, and Landscape Gar- 
dening. With 1,000 Woodcuts. 8vo. 31tf. 6c(. 

BATLBOV'S ABT of VALXTIKG BENTS and TILLAGES, and Claims 
of Tenants upon Quitting Farms, both at Michaelmas and Lady-Day. 
Eighth Edition, revised by J. C. Mobton. 8vo. 10». 6d, 



Religious and Moral Works. 

An EXPOSITION of the 39 ABTICLES, Historical and Doctrinal 
By E. Habold Bbowke, D.D. Lord Bishop of Ely. Seventh Edit. Svo. 16t. 

ABCHBISHOP LEIGHTOB'S SEBMONS and CHABQES. With 
Additions and Corrections from MSS. and with Historical and other Illus- 
trative Notes by William West, Incumbent of S. Columba's Nairn. 
Svo. Us, ' 

The ACTS of the APOSTLES; with a Commentary, and Practical and 
Devotional Sunestions for Readers and Students of the English Bible. By 
the Bev. F. C. Cook, M.A. Canon of Exeter, Ac New Edition. 8vo. 12*. 6a, 
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The LIPE and EPISTLES of ST. PAT7L. By W. J. Coxtbeaks, 

M.A. late Fellow of Trin. Coll.Oaiitab. and the Very Rev. J. S. HowBOV, D.D. 
Dean of Chester. 

LiBEABY Edition, with all the Orifdnal Illustrations, Maps, Landscapes 
on Steel, Woodcuts, &c. 2 vols. 4to. 4&8, 

Intebmsdiate Edition, with a Selection of Maps, Plates, and Woodcuts. 
2 vols, square crown 8vo. SU. Bd, 

People's Edition, revised and condensed, with 46 Illustrations and 
Maps. 2 vols, crown 8vo. lis. 

The Y0TA6E and SHIPWBECK of ST. PAUL; with Dissertations 

on the Life and Writings of St. Luke and the Ships and Navigation of tlie 
Ancients. By Jasies Smith, F.R.S. Third Edition. Crown 8vo. Ids, Qd, 

The NATIONAL CHUBCH; HISTORY and PRINCIPLES of the 
CHURCH POLITY of ENGLAND. By D. Mountpield, M.A. Rector 
of Newport, Salop. Crown 8vo. 4s. 

EVIDENCE of the TRUTH of the CHRISTIAN RELIGION derived 

from the Literal Pulfilmont of Prophecy. By Alexandee Keith, D.D. 
37th Edition, with numerous Plates, in square 8vo. 128. fid. ; ulso the 89th 
Edition, in post 8vo. with 5 Plates, 6s. 

The HISTORY and DESTINY of the WORLD and of the CHURCH, 

according to Scripture. By the same Author. Square 8vo* with 40 
Illustrations, 10^. 

A CRITICAL and GRAMMATICAL COMMENTARY on ST. PAUL'S 

Epistles. By C. J. Ellicott, D.D. Lord Bishop of Gloucester & Bristol. 8vo. 

GalatianSy Fourth Edition, 8s. 6d, 

Ephesians, Fourth Edition, Ss. 6d. 

Pastoral Epistles, Fourth Edition, 10«. Bd. 

Philippians, Colossians, and Philemon, Third Edition, 10«. 6d, 

Thessalonians, Third Edition, 7s. 6d, 

Historical Lectures on the Life of onr Lord Jesus Christ : being the 
Hulsean Lectures for 1869. By the same Author. Fourth JSdition. 8vo. 
price 108. ed. 

An INTRODUCTION to the STUDY of the NEW TESTAMENT, 

Critical, Exegetical, and Theological. By the Rev. S. Davidson, DJ7. 
LL.D. 2 vols. 8vo. 30«. 

Rev. T. H. HORNFS INTRODUCTION to the CRITICAL STUDY 

and Knowledge of the Holy Scriptures. Twelfth Edition, as last revised 
throughout and brought up to the existing state of Biblical Knowledge 
under careful Editorial revision. With 4 Maps and 22 Woodcuts and Fac- 
similes. 4 vols. 8vo. 4&S. 

Rev. T. H. Home's Compendious Introduetion to the Study of the 

Bible, being an Analysis of the larger work by the same Author. Re-edited 
by the Rev. John Aybe. M.A. With Maps, Ac. Post8vo. 6s, 

EWALD'S HISTORY of ISRAEL to the DEATH of MOSES. Trans- 
lated from the German. Editi-d, with a PrefiEtce and an Appendix, by Russell 
Martineau, M.A. Prof of Hebrew in Manchester New Coll. London. 
Second Edition, continued to tiio commencement of the Monarchy. 2 vols, 
Svo. 24*. Vol. II. comprising Joshua and Judges, for Purchasers of the 
First Edition, 9«. 
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Tho TBSASXniY of BIBLE KKOWLSD0E; being a Dictionary of the 
Books, Peraons, Places. Events, nnd other matten* of which mention is made 
in Holy Scripture. By Rev. J. Atbb, MJL With Maps. 16 Plates, and 
numerous Woodcuts. Fop. 10«. 6d, 

The 0ESSK TESTAMENT; with Notes, Grammatical and Exegetical. 
By the Bev. W. Wsbsteb, MjL and the Bev. W. F. Wujosrsos, MA. 

S vols. 8vo. £2 4«. 

Vol. L the Gospels and Acts, 20*. 

Vol. n. the Bpistles and Apocalypse, 24«. 

The CHUBCHMAN*S DAILY BEMEMBEAHCER of DOCTEDTE 
and DUTY : consisting of Meditations taken from the Writings of Standard 
Divines from the Early Days of Christianity to the Prraent Time* with a 
Preface by W. B. Fremastls, M.A. New Edition. Fcp. 8va 6$. ' 

EYEEY-DAY SCBIPTUBE DITFICXTLTIES explained and Ulnstrated. 
By J. B. Pkbscott, MJL Vol. L Maltheto and Mark; Vol.. IL JMte and 
John, S vols. 8vo. ds. each. 

The PEHTATEUCH and BOOK of JOSHUA CEITICALLYBXAlCnnSD. 

By the Bight Rev. J. W. Colenso. D.D. Lord Bishop of NataL People's 
Edition, in 1 voL crown 8vo. 68. or in 5 Parts, U. each. 

The CHUBCH and the WOELD : Three Series of Essays on Questions 
f.f the Day. By Various Writers. Edited by the Rev. Okbt Shipley 
M.A. First Series, Third Edition, 16«. Second Sebies, Second Edition.' 
I5s. Third Series, 1868, price 1&5. s vols. 8vo. 45«. 

The FOEMATION of CHRISTENDOM. By T. W. Aixisp. Pabts L 

and IL 8vo. price 12*. each Part. 

ENGLAND and CHRISTENDOM. By Abcubishop Mamniko, D.D. 

Post 8va price 10*. 6d. 

CHRISTENDOM'S DIVISIONS, Part L, a Philosophical Sketch of 
the Divisions of the Christian Family in East and West. By Edmuvd S 
Fpoulkbs. Post 8vo. price Is. 6d. 

Christendom's Divisions, Part IL Greeks and Latins, being a His- 
tory of their Dissensions and Overtures for Peace down to the ILeformation 
By the same Author. Post 8vo. I5s. 

The WOMAN BLESSED by ALL GENERATIONS; or, Mary the 

Object of Veneration, Confidence, and Imitation to all Christiana Rv t\w 
Rev. R. Melia, D.D. P.S.M. With 78 Illustrations. 8vo. 15».^^' ^' """ 

XIFE of the BLESSED VIRGIN; the FEMALL 6L0BY. By 

Anthont Stappord. Together with the Apology of the Atithor'and an 
Essay on the Cultus of the Blessed Virpin Mary. Fourth Edition with 
Facsimiles of the 5 Original Illustrations. Edited by the R*>v hour 
Shipley, MA. Pep. 8vo. lOs. 6d. ®^* "^^ 

CELEBRATED SANCTUARIES of the MADONNA. By the Rev J 

Spencer Northcote, D.D. Post 8vo. 6s. 6d, 

The HIDDEN WISDOM of CHRIST and the KEY of KHOWLEDGE * 

or. History of the Apocrypha. By Ernest De Bunsest. 2 vols. 8vo. 28». ' 
llie KEYS of ST. PETER ; or, the House of Rechab, connected with 
the Hist- ry of Symbolism and Idolatry. By the same Author, gvo. 14a 
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The TTPES of GENESIS, briefly considered as Revealing the 
Development of Human Nature. By Andrew JrKES. Second Edition. 
Crown 8vo. 7«. 6^. 

The Second Beath and the Eestitntion of All Things, with some 
Preliminary Remarks on the Nature and Inspiration of Holy Scripture. 
By the same Author. Second Edition. Crown 8vo.8«. 6(<. 

ESSATS and REVIEWS. By the Rev. W. Temple, D.D. the Rev. 

R. Williams, B.D. the Rev. B. Powell, M.A. the Rev. H. B. Wilsof, 
B.D. C. W. Goodwin, M.A. the Rev. M. Pattison, B J>. and the Rev. B. 
JowBTT, M.A. Twelfth Edition. Fcp. 8vo. 6*. 

The POWER of the SOUL over the BODT. By Gbobob Moobe, 
M.D. M.R.C.P.L. &c. Sixth Edition. Crown Svo. Ss. 6d. 

PASSING THOUGHTS on RELIGION. By Elizabeth M. Sbwell, 

Author of • Amy Herbert.* New Edition. Fcp. Svo. 5s. 

Self-Ezamination before Confirmation. By the same Author. 32mo. 
price 1«. Qd. 

Readings for a Month Preparatory to Confirmation, from Writers 
of the Early and English Church. By the same Author. Pep. 48. 

Readings for Every Bay in Lent, compiled from the Writings of 
Bishop Jebemt Tatlob. By the same Author. Fcp. 5s, 

Preparation for the Holy Communion; the Devotions chiefly from 
the works of Jebemt Tatlob. By the same. 32mo. 3^. 

PRINCIPLES of EDUCATION Drawn from Nature and Revelation, 

and applied to Female Education in the Upper Classes. By the Author 
of * Amy Herbert.* 2 vols. fcp. 12*. 6d. 

The WIPE'S MANUAL; or, Prayers, Thoughts, and Songs on Several 

Occasions of a Matron's Life. By the Rov. W. Calvebt, M Jl. Crown Svo. 
price 10s, Qd, 

SINGERS and SONGS of the CHURCH : being Biographical Sketches 
of the Hymn- Writers in all the principal Collections : with Notes on their 
Psalms and Hymns. By Josiah Milleb, M.A. New Edition, enlarged. 
Crown Svo. [Nearly ready, 

< SPIRITUAL SONGS ' for the SUNDAYS and HOLIDAYS through- 
out the Tear. By J. S. B. Monsell, LL.D. Vicar of Egham and Rural Dean. 
Fourth Edition, Sixth Thousand. Fcp. 4«. Qd, 

The Beatitudes : Abasement before God ; Sorrow for Sin ; Meekness 
of Spirit ; Desire for Holiness ; Gentleness ; Puritv of Heart ; the Peace- 
makers ; Sufferings for Christ. By the same. Third Edition. Fcp. Zs. 6<f. 

His PRESENCE— not his MEMORT, 1855. By the same Author, 
in Memory of his Soir. Sixth Edition. 16mo. Is, 

LYRA DOMESTICA; Christian Songs for Domestic Edification. 
Translated ft"om the Psaltery and Harp of C. J. P. Spitta, and flpom other 
sources, by Richabd Massie. Fibst and Second Sebies, fcp. 4s, Qd, each. 

LYRA GERHANICA, translated from the German by Miss C. Wimk- 
WOBTH. Fibst Sebies, Hymns for the Sundays and Chief Festivals. 
Secoitd Sebies, the Christian Life. Fcp. Zs. Qd, each Sebies. 
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£TS4 SUOHABISTICA ; Hymns and Venes on the Holy Commnnkw, 
Ancient and Modem : with other Poems. Sditedfay tbe Ser. Qkbt Siop- 
LBT, M.A. Seoond Edition. Fcp. 7«. 9d, 

Lyra MMdaniea; Hymns and VeneB on the Life of Chriit, AneieBt 
and Modern ; with other Poems. By the same Editor. Beoood Sdition, 
altered and enlarged. Fcp, 7s. 6d, 

Xjra Myttiea ; Hymns and Verses on Sacred Sahjects, Anciffmt and 
Modem. BythesameBditor. Fcp. 7«. 6d. 

EHBEAVOirBS after the CHBISTIAH LIFE: Discourses. By 
JiiMBS Maktinbau. Fourth and cheaper Edition, careftiUy reriaed; the 
Two Series oompleie in One Volume. Post 8to. 7«. fid. 

WHATELTS Introduetory Lessons on the Christian Xyideneei. 

18mo. 6d, 

DTTEODTICTOBT LESSONS on the EI8T0EY of KXLieiOTIS 

Worship; being a S^uel to th*? 'Lessons on Christian Byidcncea.' "Bj 
BiCHAJiD Whatblt, D.D. New Edition. ISmo. 2». 9d. 

BISHOP JEREMT TAYLOB*S ENTIBE W0BK8. TITith IAS6 by 
Bishop Hbbbb. Revised and corrected by the Ber. 0. P. £]»■, It toU. 
price £S St. 



Travels, Voyages, &c. 

SIX MONTHS in DTBIA. By Mart Cabfxxteb. 2 toIs. post 8to. 
with Portrait, 18«. 

KABBAtiyjs of the ETTPHBATES EZPEDITIOV carried on by 

Order of the British Government during the years 18S5, 1836. and 1837. 
By General F. B. Chbsket, F.ILS. With 8 Maps, 45 Plates^ and 18 Wood- 
cuts. 8to. 24ff. 

The MOBTH-WEST PEHIHSTILA of ICELAKD ; being the Journal 
of a Tour in Icehuid in the Summer of 1862. By C. W. 8hsphb3U>. MA. 
FiLS. With a Map and Two lUustraiiona. Fcp. Svo. 7a. 6d. 

PICnTRSS in TTBOL and Eliewliere. From a Family Sketch-Book. 

By the Authoress of ' A Voyage en Zigzag,' &c Second Edition. Smali 4to. 
with numevoas Ulustratioos, 2U. 

HOW WE SPEMT the SUMMER; or, a Voyage en Zigaa^ in Switier- 
land and ^n^^thsomeMembers of the A£PnrB Club. Prom the Sketch- 
Book of one of the Party. In oblong 44o. withSOOillustntiovia, ISt; 

BSATEH TRACKS; or, Pen and Pencil Sketches in Italy. Br the 

Authoress of * A Voyage en Zioag.' With 48 PUtes, eontainii^ aboot 90O 
Sketches fhMn Drawings made on the Spot. 8T0.16a. 

MAP of the CHAnr of KOHT BLAMG, from an actual SarreT in 
186S— 1864. By A. Ai>am8-Reiij.t, F.R.G.S. M Jk.C. PnhlisiMd nnder tiie 
Authority of the Alpine Cluh. In ChromoKtbographj on extra stout 
drawing-paper SSin. x iTin. price 10a. or mcmnted on canvas in a folding 

^*^W^^^^ A Ap^^% ^^^w% 

aiSTORT of BISCOYERT in onr AUSTRALASTAM OOLOMIX8, 
Australia, Tasssania* and New Zealand, from the Earliest Bate to the 
Present Day. By Wuxiam Howitt. a toIs. 8tow with S Maps, 
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The CAPITAL of the TYCOOV; a Narrative of a Three Years' Resi- 
dence in Japan. 6^ Sir Ruthesfosd Alcoce, K.C.B. 2 vols. 8yo. with 
numerous Illustratious, 42«. 

The DOLOMITE MOUNTAINS ; Excarsions through Tyrol, Carinthia, 
Carniola, and Friuli, 1361-1863. By J. Gilbebt and G. C Chubchill, 
F.B.G.S. With numerous Illustrations. Square crown Svo. 2I«. 

OTIIBE to the PYBENEES, for the use of Mountaineers. By 
Chables Pacee. 2d Edition, with Map and Illustrations. Cr. Svo. 7s. Qd, 

The ALPINE GUIDE. By John Ball, M.R.I.A. late President of 
the Alpine Club. 3 vols, post 8vo. with Maps and other Illustrations:— 

Guide to the Eastern Alps, price lOs, 6d, 

Guide to the Western Alps, including Mont Blanc, Monte Rosa, 
Zermatt, &c. Price 68, Qd, 

Guide to the Central Alps, including all the Oberland District. 78, ed. 

Introduction on Alpine Travelling in General, and on the Geology 

of the Alps, price Is. Each of the Three Volumes or Parts of the Alpine 
Guide may be had with this iNTBODUciioir prefixed, price Is. extra. 

NABBATIVES of SHIPWRECKS of the ROTAL NAVY between 1793 
and 1867, compiled fi-om Official Documents in the Admiralty by W. 0. 8. 
GiLLY; with a Preface by W. S. Gilly, D.D. Third Edition. Pep. bs. 

TRAVELS in ABTSSINIA and the GALLA COTINTRT; with an 
Account of a Mission to Ras AH in 184S. From theMSS. of thelate Walteb 
Chichelb Plowdew, Her Britannic Mnjesty's Consul in Abyssinia. Edited 
by his Brother Teevoe Chichble Plowdbw. With Two Maps. Svo. 18*. 

MEMORIALS of LONDON and LONBON LIPE in the 1 'th, 14th, 
and 15th Centuries ; bein^ a Series of Extracts, Local, Social, and Political, 
ft-om the Archives of the City of London. a.d. 1276-1419. Selected, 
translated, and edited by H. T. Riley, M.A. Royal Svo. 21«. 

COMMENTARIES on the HISTORY, CONSTITUTION, and CHAR- 
TERED FRANCHISES of the CITY of LONDON. By Geobge Noeton, 
formerly one of the Common Pleaders of the City of London. Third Edition. 
Svo. 140. 

CURIOSITIES of LONBON; exhibiting the most Rare and Remarkable 
Objects of Interest in the Metropolis ; with nearly Sixty Years* Personal 
Recollections. By John Times, P.SJl. New Emtion, corrected and eu- 



The NORTHERN HEIGHTS of LONDON ; or, Historical Associations 
of Hanipstead, Highfcate, Muswell Hill, HornKcy, and Islington. By 
William Howitt. With about 40 Woodcuts. Square crown Svo. 21». 

VISITS to REMARKABLE PLACES : Old Halls, Battle-Fields, and 
Scenes Illustrative of Striking Passages in English History and Poetry. 
By William Howitt. 2 vols, square crown Svo. with Woodcuts, 2fi<. 

The RURAL LIPE of ENGLAND. By the same Author. With 
Woodcuts by Bewick and Williams. Medium Svo. 12«. Qd, 

The IRISH in AMERICA. By John Fbanom Maouibb, M.P. for 

Cork. Post Svo. 12«. 6(/. 
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EOMA SOTTESSAVSA ; or, an Account of the Roman Catacombs, 

and especUny of the Cemetery of St. Callixtoa. Compiled firom the Worths 
of Commendatore 6. B. Db Rossi, with the consent of the Author, by the 
Bev. J. 8. NoKTHCOTB, D.D. and the Rer. W. B. Bbowvlow. With 
numerous Bngranngs on Wood, 10 Lithographs, 10 Plates in Chromo- 
lithography, and an Atlas of Plans, all executed in ftome under the Author's 
superintendence for this Translatiou. 1 voL 8vo. lUearl^ ready. 



Works of Fiction. 

The WABBZH: a Novel. By ANTHOirr Tbollofb. Crown 8to. 2«. $</. 
Barehester Towers : a Seqael to * The Warden.' Crown 8yo. 3«. 6</. 

STORIES and TALES by Elizabbth M. Sewell, Author of * Amy 

Herbert/ uniform Edition, each Tale or Story complete in a single Volume. 



Amy Herbbbt, U.td, 
Obrtbudb, U. 6d. 
Eabl's Daughtbb, t». 9d. 

BXPBRIBVCB OV LiTB, 2S. 6d. 

Clbye Hall, 8«. 6d. 



Itobs, St. M, 
Kathabibb AsHTOir, 8*. Sd. 
Mabgabbt Pbbcivax, 6s, 
Labbtob Pabsonaos, 4s. 6(1. 
Ubsula, 4f.6d. 



A Olimpse of the World. By the Author of 'Amy Herbert.' Fcp. 7s. Bd. 
The Journal of a Home Life. By the same Author. Post 8vo. 9s. 6<f. 
After Life ; a Sequel to * The Journal of a Home Life.' Price lOs, 6d, 

TIKCLE PETEB'S PAIBT TALE for the XIZ CENTimY. Edited 

by E. M. Sewell, Author of 'Amy Herbert/ &o. Fcp. 8yo. 7s, 6d. 
BECK£B*S OALLTIS ; or, Roman Scenes of the Time of Angnstus : 

with Notes and Excursuses. New Edition. Post 8vo. 7s. 6d. 

BECKEB'S CHABICLES; a Tale illustratiye of Private Life among the 
Ancient Greeks : with Notes and Excursuses. New Edition. Post Svo. 7s. 6J. 

NOVELS and TALES by G. J. Whtte Melville : — 



The Gladiatobs, 5s. 
Dtgby Gband, 5s. 
Kate Coventbt, 5s. 
Genebal Bounce, 6s. 



HoLMBY House. 5s. 
Good fob Nothing, es. 
Tlie Queen's Mabies, 6s 
The Intebpbeteb, 5s. 



TALES of ABCIEKT OBEECE. By Geobge W. Cox, M.A. late 
ftJcholar of Trin. Coll. Oxon. Being a Collective Edition of the Author's 
Classical Stories and Tales, complete in One Volume. Crown Svo. 6s. 6d 

A KAKTIAL of MTTHOLOGT, in the form of Qaestion and Answer. 
By the same Author. Fcp. 3s. 



Poetry and The Drama, 

THOMAS MOOBE'S POETICAL WOBKS, the only Editions contain- 

ing the Author's last Copyright Additions : — 

Shamboce Edition, crown Svo. price Ss. 6d. 
Ruby Edition, crown 8vo. with rortrait, price ds. 
People's Edition, square crown Svo. with Portrait, &c. 12*. ed 
Library Edition, medium Svo. Portrait and Vignette, I4s, 
Cabinet Edition, 10 vols. fcp. Svo. price 85*. 
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MOOBE*S IBISH KEIODIES, Maclise's Edition, vith 161 Steel FUtes 
from Original Drawings. Super-rojral 8vo. 31b, Qd, 

Miiiiatnre Edition of Moore's Irish Melodies vith Maclise's De- 
signs (as above) reduced in Lithography. Imp. 18mo. 10#. 9d, 

MOOBE'S LALLA BOOKH. Tenniel's Edition, with 68 Wood 
Engravings from original Drawings and other Illustrations. Fcp. 4to. 21«. 

SOTITHEY'S POETICAL WOBKS, with the Author's last Corrections 
and copyright Additions. Library Edition, in 1 vol. medium 8vo. with 
Portrait and Vignette, 149. or in 10 vols. fcp. St, M. each. 

LATS of AKGIENT BOME ; with Ivty and the Armada, By the 
Bight Hon. LosD Macaulat. 16mo. 4s. 6d, 

Lord Maoanlay's Lays of Ancient Bome. With 90 Illnstrations on 
Wood, from the Antique, from Drawings by G. Schabv. Fcp. 4to. 21«. 

Miniature Edition of Lord Macanlay's Lays of Ancient Bome, 
with the Illustrations (as above) reduced in Lithography. Imp. 16mo.l0#.6d. 

GOLDSMITH'S POETICAL WOBKS, with Wood Engrarings from 
Designs by Members of the Etchino Club. Imperial 16mo. 7s. dd. 

MEMOBIES of some CONTEMPOBABT POETS ; with Selections from 
their Writings. By Emily Taylor. Boyal 18mo. 68, 

POEMS. By Jean Ikoelow. Thirteenth Edition. Fcp. 8vo. 6«. 

POEMS by Jean Ingelow. With nearly 100 Illnstrations by Eminent 
Artists, engraved on Wood by the Brothers Dalziel. Fcp. 4to. 21 «. 

A STOBT of BOOM, and other Peems. By Jean Inoelow. Fcp. 5«. 

POETICAL WOBKS of LETITIA ELIZABETH LANBON (L.E.L.). 

2 vols. 16mo. 10#. 

BOWDLEB*S FAMILT SHAKSPEABE, cheaper Genuine Edition, 
complete in 1 vol. large type, with 36 Woodcut Ulustrations, price 14f. or 
with the same Illustbations, in 6 pocket vols. Ss. 6d, each. 

HOBATII OPEBA, Pocket Edition, with carefully corrected Text, 
Marginal References, and Introduction. Edited by the Bev. J. E. 
YoNGE, M.A. Square 18mo. 49. 6d, 

HOBATII OPEBA. Library Edition, with Marginal Beferences and 
English Notes. Edited by the Bev. J. E. ToiroE. 8vo.2lff. 

The iENEID of VIBGIL Translated into English Verse. By John 

CoNiNGKTOir, M JL. Crown 8vo. 9s, 
ABTINDINES CAMI, sive Musamm Cantabrigiensiam Lnsns canorL 

CoUegit atque edidit H. Dbuby, M.A. Editio Se]rta» curavit H. J. Hodcmov, 

M.A. Crown 8vo. 7s, Qd, 

EIGHT COMEBIES of ABISTOPHABES, viz. the Achamians, Knights, 
Clouds. Wasps, Peace, Birds, Frogs, and Plutus. Translated into Bhymed 
Metres by Leonaed Hampson Budd, M JL 8vo. 16s, 

PLATTIME with the POETS : a Selection of the best English Poetry 
for the use of Children. By a Lady. Bevised Edition. Crown 8vo.fi#. 

The HOLT CHILD : a Poem in Four Cantos; also an Ode to Silence^ 
and other Poems. By Siephbit Jbnnee, MjL Fcp. 8vo. 6s. 
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Tk« HJAB of HOMSK TBAHSLATID into BLAKK VEB8S. B7 

lOHABOD Chaillbs Wkioht, M.A. 2 vols. caiowa Sva, 21s. 

The niAD of HOMSK in ENGLISH HSXAMETEE VEX8E. By 
J. Hbvbt Dabt, MJL of Exeter GolL Oxford. Square orown 8?o. 21«. 

The 0DY8SET of HOMES. Translated into Blank Verse by 6. W. 
Edoihtov, Licentiate in Medicine. Dedicated by permiasion to Edward 
Earl of Derby. Vol. L 8vo. with Map, lUc 6d, 

BAETE'S BIVIEE COMEDY, translated in English Tersa Bima by 
Jomr Datmab, M.A. [With the Italian Text, after Brunetti, interpaged.] 
9r<k21t. 

ETrHTING SONGS and MISCELLANEOUS YEESES. By B. E. 
EoBBTOir Wabbubtok. Second Edition. Fcp. 8vo. St. 

An OLD BTOET, and other Poems. By Elizabeth D. Cboss. 

Second Edition. Fcp. 8vo. 3s. td. 

The THESE FOITNTAINS, a Faery Epic of Enboea ; with other 
Verses. By the Author of ' The Afterglow.' Pep. 8yo. Ss, 6d. 

The Afterglow ; Song^s and Sonnets for my Friends. By the Author 
of 'The Three Fountains.' Second Edition. Fcp.8va6s. 

The SILVEE STOEE collected from Medi«val Christian and Jewish 
Mines. By the Bev. SiiBiirE Babivg-Gould, MJL Crown 8iro. 6s. 



Rural Sports, &c. 

BLADTES ENOYCLOPJBBIA of BITEAL 8P0ETS ; Hunting, Shoot- 
ing, Fishing, Badng, Ac. With aboye 600 Woodcuts (80 firom Designs ij 
Jomr Lbbch). 8vo. 42s. 

Col. HAWXEE'S INSTETICTIONB to YOITNG SFOETBMEK m all 

that relates to Guns and Shooting. Bevised by the Author's Sov. Square 
crown 8vo. with Illustrations, 18s. 

The BEAD SHOT, or Sportsman's Complete Guide ; a Treatise on 
the Use of the Gun, Dog-breaking, Pigeon- shooting, Ac. By Majeiksmav. 
Bevised Edition. Fcp. 8yo. with Plates, 6s. 

The FLY-FISHEE'S ENTOMOLOGY. By Alfbed Bonai^db. With 
coloured Bepresentations of the Natural and Artificial Insect. Sixth 
Edition; with 80 coloured Plates. 8vo. 14f. 

A BOOK on ANGLING ; a complete Treatise on the Art of Angling 
in every branch. By Fbaitcis Fbancis. Second Edition, with Portrait 
and 15 other Plates, fllain and coloured. Post 8vo. 15s. 

HANBBOOK of ANGLING : Teaching Fly-fishing, Trolling, Bottom- 
fishing, Salmon-fishing; with the Natural History of Biver Fish, and the 
best modes of Qatchingtbem. ByEPHSMBBA. Fcp. Woodcuts, 6s. 

WILCOCKS'S SEA-FISHEEMAN ; comprising the Chief Methods of 
Hook and Line Fishing in the British and other Seas, a Glance at Nets, 
and Remarks on Boats and Boating. Second Edition, enhmed • with 80 
Woodcuts. Post 8vo. 12s. 6<2. ' 

The OBIOKET FIELD; or, the History and the Science of the Oaiie 
of Cricket. • 3f Jaxis Ftobovt, B.A. Fourth Edition. Fop. 59, 
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HOBSE and HAN. By C. S. March Phillipps, Author of * Jims- 
prudenoe/ &o. Ecp. Svo. 2«. Qd. 

The HOBSE'S FOOT, and HOW to KEEP IT SOTINB. By W. 

Miles, Esq. Ninth Edition, with Illustntious. Imperial 8to. 129. ed, 

A Plain TreatiBO on Hone-Shoeing. By the same Author. Sixth 
Edition. Post 8vo. with Illustrations, 28. Qd, 

Stables and Stable-Pittings. Bj the same. Imp. Sto. with 1 8 Plates, 1 5«. 

Bemarks on Horses' Teeth, addressed to Purchasers. By the same- 
Post 8yo.i«.6d. 

BOBBINS'S GAVALBY CATECHISM, or Instrnctions on Cavahy 
Exercise and Field Movements, Brigade Movements, Out-post Duty, Cavaliy 
supporting Artillery, Artillery attached to Cavalry. 12mo. &8, 

BLAINE'9 YETEBINABY ABT ; a Treatise on the Anatomy, Physi- 
ology, and Curative Treatment of the Diseases of the Horse, Neat Cattle 
and Sheep. SeventhlEdition, revised and enlarged by C. Steel, M.ILC.y.SX. 
Svo. with Plates and Woodcuts, 18«. 

The HOBSE : with a Treatise on Draught. By Wilijax Touatt. 
New Edition, revised and enlai^ed. Svo. with numerous Woodcuts, 12«. Qd, 

The Bog. By the same Author. Svo. with numerous Woodcuts, Qs. 

The BOG in HEALTH and BtSEASE. By STONBitENGB. With 70 
Wood Engravings. Square crown Svo. 10#. Qd, 

The 0BEYHOTINB. By Stonehenob. Revised Edition, with 24 
Portraits of Greyhounds. Square crown Svo. 10#. Qd. 

The OK ; his Diseases and their Treatment: with an Essay on Parturi- 
tion in the Cow. By J. £. DoBSOir. Crown Svo. with lUustrations. 7«. Qd. 



Commerce, Navigation, and Mercantile Affairs. 

BANKING, CTTBBENCT, and the EXCHANGES ; a Practical Trea- 
tise. By Abthits Cbumf. Post Svo. Qs,. 

The ELEMENTS of BANKING. By Henbt Dunning Maclsod, M JL 
Barrister-at-Law. Post Svo. [Nearly ready. 

The THEOBT and PBACTICE of BANKING. By the same Author. 
Second Edition, entirely remodelled. 2 vols. Svo. 809. 

PBACTICAL GinBE for BBITISE SHIPMA8TEBS to ITNITED 

States Ports. By Piesbepoitt Edwaeds. Post Svo. 8«. Qd. 

A BICTIONABT, Practical, Theoretical, and Historical, of Com- 
merce and Commercial Navigation. By J. B. M*CTrLLOCH, Esq. New and 
thoroughly revised Edition. Svo. price 63«. cloth, or 70s. half-bd. in russia. 

The LAW of NATIONS Considered as Independent Political Com- 
munities. By Sir Tbayebs Twiss, D.CL. 2 vols. Svo. 309. or separately, 
Pabt I. ^eace, 12». Pabt II. War^ I89. 
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Works of Utility and General Information. 

MOBSSN OOOKEBY for PBIVATS FAHLIES, reduced to a System 
of EMy Practice in a Series of cnrefUlly-teeted Receipts. By Euza Actob'. 
Newly revised and enlarged Edition; with 8 Plates of Figures and 150 
Woodcuts. Fcp. 68, 

On FOOB and its BIOESTIOV ; an Introduction to Dietetics. By 
W. BsiVTOV, M J). With 48 Woodcuts. Post8yo.l2«. 

WINE, the YINE, and the CELLAR. By Thokas 6. Shaw. 
Second Edition, revised and enlarged, with 32 Illustrations. 8to. 16s. 

A PRACTICAL TREATISE on BREWING ; with FormuUd for Public 
Breweni, and Instructions for Private Families. By W. Black. 8vo. 10t.6d. 

SHORT WHIST. By Majob A. A thoroughly revised Edition, with an 
Esssj on the Theory of the Modem Scientific Game by Pbof. P. Fcp. 3«. 6d. 

WHIST, WHAT TO LEAB. By Cam. Fourth Edition. S2mo. Is. 

A HANBBOOK for REABERS at the BRITISH MUSEITIC. By 

Thomas Nichols. Post 8vo. Qa, 

The CABINET LAWYER ; a Popular Digest of the Laws of England, 
Civil, Criminal, and Constitutional. Twen^-fourth Edition, brought down 
to the close of the Parliamentary Session of 1868. Fcp. Ids. Qd, 

The PHILOSOPHT of HEALTH ; or, an Exposition of the Physio- 
logical and Sanitary Conditions conducive to Human Longevity uid 
Happiness. By Southwood Smith, M.D. Eleventh Edition, revised and 
enlarged; with 113 Woodcuts. 8vo. 79. 6c2. 

HINTS to MOTHERS on the MANAGEMENT of their HEALTH 
during the Period of Pregnancy and in the Lying-in Boom. By T. Bull, 
M.D. Fcp.6«. 

The Maternal Management of Children in Health and Bisease. By 

the same Author. Fcp. 68, 

The LAW RELATING to BENEFIT BUILDING SOCIETIES; with 
Practical Observations on the Act and all the Cases decided thereon ; also a 
Form of Rules and Forms of Mortgages. By W. Tidd Pratt, Barrister. 
Second Edition. Fcp. 8«. 6d, 

NOTES on HOSPITALS. By Flobbnge Niohtingalb. Third Edi- 
tion, enlarged ; with 13 Plans. Post 4to. 1S8. 

COTILTH ART'S DECIMAL INTEREST TABLES at 24 Different Rates 
not exceeding 5 per Cent. Calculated for the use of Hankers. To which aie 
added Commission Tables at One-£igl:th and One-Fourth per Cent. 8vo. 
price 158. 

MATINDER'S TREASTIRT of KNOWLEDGE and LIBHABY of 

Reference: comi)rising an English Dictionary and Grammar, Universal 
Gazetteer, Classical Dictionary, Chronolcwy, Law Dictionary, a Svnonais 
of the Peerage, useful Table* Ac. BevisedEdition. Fcp. 10* ed -^ *^ 



i 



INDEX. 





M SrZW TORKS rmusZD vr LOSCMASS An OO. 




NSW WORKS 

lUiTiKUfieiidHVOW* iA<ir Iht CkrLi- 
Hum'i BJitorT'of 'iniiiirf 

B:".ci^^;lrM.-.:." ..■.,_- 

Cwiui'iDhlbr Ormd.. 

, . fljritain nf Ijcein "'-:"" 

Huxak^i JHIfloiciluof Clutiifttrr --.- 

IImImi'i Bmiwiii " i! " ' '." il-.",'; ^; -"■-■"■ 

MenE.1 FhllHonhr .„ ^,., 

HtiLUA'i tH*a) Chliv ITom m OOJPU] 

■tuiH'iLiuiriWB ud Liwrunn ol dnscB 

Ho THliuDait,nitutntcd vtth Wood En- 

)Innu!'i HIiIniT or hli Hc1ilrtDiu'[>iAiil'<Tiu 
Mmmoii.'. PifllBMO of Ua Bllllilll.P«pl> 

(hun^ Aahuil C9iiibMit ,^. 




TTEVirOBKS 



ST Lo:«6)iAS8 ASD ca 



^mm 












tHJS^'iJiS 






^S^l^irij^^^r^ K 



